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The development of the ascus and the occurrence of giant 
ascospores in Coccomyces hiemalis! 


Myron P. Backus 
(WITH TWO TEXT FIGURES AND PLATES 29-32) 


This communication is devoted to a study of the development of the 
ascus in Coccomyces hiemalis Higgins on a single host, Prunus cerasus. 
Morphological, cytological, and experimental studies on other phases of 
development are already well advanced, and it is hoped that these may 
lead to a full understanding of the life cycle of this species. 

Coccomyces hiemalis was first described by B. B. Higgins in 1913. He 
found the ascocarps of this fungus on the overwintered leaves of Prunus 
avium and by inoculation experiments showed this to be the perfect stage 
of a Cylindrosporium which had often been referred to C. padi Karst., and 
which had long been recognized as the causal organism of the destructive 
“leaf-spot”’ disease of sweet cherry. The following year (1914) Higgins 
was able to demonstrate that this same species is also responsible for 
“‘leaf-spot” of Prunus cerasus and P. pennsylvanica. Keitt (1918) showed 
that it might in addition attack Prunus mahaleb. In his second paper 
(1914) Higgins outlined the chief morphological features in the develop- 
ment of the fungus, but he made no attempt to study it cytologically. 

The order Phacidiales, to which Coccomyces hiemalis belongs, is of 
special interest as a transition group, and but few species in it have yet 
been subjected to thorough investigation. In only one species has a cyto- 
logical study of the ascus been made (Jones, 1925). Coccomyces hiemalis 
shows a close resemblance in many features to some of the lichens, a group 
that has figured prominently in all discussions of the phylogeny of the 
Ascomycetes, and the study of which, despite several excellent papers 
dealing with them, may be said to be just getting under way. The presence 
of prominent trichogynes developing in interesting relation to the numer- 
ous microconidia in the cherry leaf-spot fungus especially demands that 
the phases of development in this organism relating to the initiation of 
the ascocarp, be subjected to the most careful scrutiny, particularly in 
view of the apparent homology of these microconidia with the spermatia 
of the rusts, which have now been shown to be functional elements. Re- 

1 The work here reported was begun while the writer was a graduate student at 


the University of Wisconsin but was executed largely at the New York Botanical 
Garden during the tenure of a National Research Fellowship in the Biological Sciences. 
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cent demonstrations in the case of certain heterothallic Ascomycetes that 
the microconidia may function in the capacity of fertilizing agents. (Dray- 
ton, 1932; Dodge, 1932; Ames, 1932), are of the greatest interest and 
significance, and fall into line with the basic idea held by Stahl (1877) 
and some of the older authors, that the spermatia of the lichen fungi with 
which they worked, function as fertilizing elements by attaching them- 
selves to trichogynes. In the more recent work, unfortunately, almost no 
cytological data are yet available. 

We do not know whether the cherry leaf-spot fungus is heterothallic 
or homothallic. However, an experiment which it is hoped may settle this 
point is under way. It may be of interest here to indicate briefly the meth- 
ods employed in a preliminary experiment. This first trial has involved 
the isolation of the eight spores from a single ascus. Since, insofar as we 
know, ascocarps cannot be produced on artificial media, it was necessary 
to resort to use of the natural substratum. Large numbers of conidia of 
each ascospore strain were grown on agar and at the proper time cherry 
trees were inoculated. The various ascospore strains were used alone and 
in combination, and the inoculated trees were subsequently kept in iso- 
lation. The leaves infected with the fungus were collected at leaf-fall and 
left out-of-doors in isolation cages over winter. The results of this prelimi- 
nary trial, which will be detailed elsewhere, have afforded some very in- 
teresting clues and have given us some valuable data. They do not settle 
with certainty, however, the question of heterothallism in this species. 
Many difficulties beset such an experiment, and many complicating fac- 
tors are involved. Another experiment based on the information gained 
from the preliminary test is being conducted on a larger scale and under 
improved conditions; there is every reason to believe that the question of 
heterothallism in Coccomyces hiemalis can thus be definitely settled. 


MATERIALS AND METHODS 


The material for the present investigation of the development of the 
ascus—overwintered leaves of the sour cherry, bearing ascocarps of the 
“leaf-spot” fungus in various stages—was derived from a variety of 
sources. Approximately half was collected by the writer during the springs 
of 1929-’31 at Madison, Wisconsin, in the orchard of the University of 
Wisconsin and in private orchards in the vicinity. In the fall of 1931, 
through the co-operation of various plant pathologists and county agents,” 
I was able to assemble at the New York Botanical Garden infected leaves, 
collected at the time of leaf-fall, from Penn., N. J., and northwestern N. Y. 


? I am indebted in this connection to W. O. Gloyer, W. H. Martin, J. F. Adams, 
H. H. Whetzel, E. M. Hildebrand, and especially to J. G. Goodrich. 
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state. These were overwintered at the Botanical Garden and drawn upon 
as a source of supply for fixations throughout the spring of 1932. I also 
received from Sturgeon Bay, Wisconsin, and Lockport, N. Y. during April 
and May 1932, freshly collected leaves that had overwintered in the or- 
chards.’ For still another source of material I am indebted to Prof. G. W. 
Keitt of the University of Wisconsin who very kindly turned over to me 
a quantity of imbedded material from his files, representing fixations made 
by him from orchards near Madison, Wisconsin during the springs of 
1915-1917. 

In some instances fixation was made immediately after the leaves 
bearing the fungus were brought into the laboratory and had been washed 
off, and even occasionally in the field at the time of collection. But for 
the most part they were allowed to remain in a moist chamber between 
damp filter papers for varying lengths of time before fixations were made. 
This was an essential procedure in most cases. The development of the 
asci of this fungus extends over a considerable period (several weeks, in 
many cases) and the ascocarps dry out repeatedly during this time. Ma- 
terial brought into the laboratory in a dry state must be placed under 
conditions favorable for the “recuperation” of the fungus before fixation 
for cytological study. Fixations were made at from three to seventy-two 
hours after the leaves were placed in the damp chamber, and two series 
were made with fixations at two-hour intervals over a 24-hour period. 

Flemming’s weaker and medium solutions, dilutions of these with equal 
parts of distilled water, a modification of Flemming’s weak with ten times 
the normal amount of acetic acid recommended to me for fungi by Dr. 
C. W. Emmons, Carnoy’s B, Carnoy’s B followed by Flemming’s weak, 
formol-acetic-alcohol, Bouin’s, Allen’s Modification of Bouin’s, Navashin’s 
and Gilson’s were among the fixatives tried. Regular Flemming’s weak 
and Flemming’s weak diluted one half were found to be about the best of 
the Flemming mixtures, and were a great deal used. Emmons’ modification, 
tried only in the last fixation series, however, gave results nearly on a par 
with those obtained with these two other solutions. Allen’s modification 
of Bouin’s formol-acetic-alcohol, and Carnoy’s B were also employed quite 
extensively and for certain things were found superior to Flemming’s. 
Sections were cut from four to ten microns thick, the most at six and seven 
microns. Flemming’s triple stain was tried, but Heidenhain’s iron-alum 
haematoxylin, especially with counter-stains of erythrosin or fast green, 
was found so much superior in general that it was almost exclusively used. 


5 E. C. Blodgett and J. G. Goodrich provided me with this material and I am 
greatly obliged to them for their courtesies. 
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In addition to the cytological preparations made in the fashion de. 
scribed above, slides of another sort were made for supplementary study- 
Fresh ascocarpic material was dissected, teased out, and crushed in aceto- 
carmine. These mounts proved to be very helpful. 


NORMAL ASCUS DEVELOPMENT 


The time at which asci first begin to form in the spring has been found 
to vary with the weather conditions. Under the conditions of temperature, 
etc. which usually prevail in Wisconsin in the vicinity of Madison the first 
appearance of asci may be expected in the early part of April. It was found, 
however, that in material overwintered in New York City during the 
winter of 1931-32, which was unusually mild and practically snowless, 
they began to form as early as the middle of March. By bringing leaves 
inside and leaving them in a moist chamber for a few days asci can some- 
times be induced to appear several weeks prior to the time of their for- 
mation outside. As has already been pointed out, the development proceeds 
quite slowly, and it was not until after the middle of May that mature 
spores were found in abundance under either Wisconsin or New York 
conditions. Asci in various stages are to be found in a single fruiting body. 

In mounts prepared by crushing out young ascocarps in aceto-carmine, 
it was found quite simple to demonstrate that the asci in Coccomyces 
hiemalis arise by the well-known process of crozier formation. Figures 
52-54 show photomicrographs of croziers as seen in such preparations. In 
good mounts even nuclei can be distinguished. Text-figure 1 shows sketches 
of typical croziers as observed in these aceto-carmine slides. The tip of 
the ascogenous hypha bends over (text-fig. 1, A), walls are formed in the 
familiar fashion, and there can now be observed (pl. 29, fig. 1) a tip cell 
with its single nucleus and the penultimate cell with two nuclei which 
proceed almost immediately to fuse (pl. 29, figs. 3-5; also text-fig. 1). In 
a considerable number of instances the tip cell was seen to have fused back 
with the antepenultimate cell (text-fig. 1, I, J, K, L, etc.; also pl. 29, 
fig. 5). But such a cell fusion is apparently not an essential feature for it 
not infrequently fails to occur (text-fig. 1, N, O, R, etc.). As the penul- 
timate cell grows out to become the young ascus, the fusion nucleus in- 
creases in size and moves upward in the elongating sac (text-fig. 1, N, P, 
and R; also pl. 29, fig. 6). Text figure 1, E and M show interesting sit- 
uations which might be interpreted as lending support to the theory of 
Moreau and Moreau (1922; 1928) to the effect that clamp connections 
occur along ascogenous hyphae. Cases occasionally seen in aceto-carmine 
slides where the crook cell of a crozier was apparently proliferating to 
form a short ascogenous branch instead of swelling up to form an ascus 
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in the usual manner, give us a suggestion of how the situations pictured 
in the figures just mentioned, may have come about. 

Variations in form of the ascus in the leaf-spot fungus are interesting. 
Some of the asci have very long bases. This is correlated with the fact that 
in some instances they may arise relatively deep in the stroma. This point 
will be further discussed in another paper in which the development of 
the ascogenous system will be specially considered. Despite the general 
slowness of the asci in maturing, there is evidence that the early stages 
of growth proceed with comparative rapidity under normal conditions. 
The young spore sac is usually rather slender and quite evenly filled with 
dense cytoplasm. The nucleus frequently fills practically the entire cross- 


a i 
3h ; 
Fig. 1. Croziers and young asci of C. hiemalis (from aceto-carmine preparations). 


Various magnifications. 
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section of the sac at this stage and may sometimes even be slightly elon- 
gated, due apparently to lack of room for it to assume a more spherical 
contour. Considerable variation exists, however. Plate 29, figure 6, shows 
an ascus about one-third grown. It shows particularly well the details of 
nuclear structure to be considered below. It is fairly typical in its general 
form. As growth proceeds, the ascus continues to swell in its upper por- 
tions and takes on the typical clavate form. Once the size shown in plate 
29, figures 7 and 8, is attained, there is little further increase until after the 
spores are formed. 

During the growth of the ascus the cytoplasm tends to become aggre- 
gated toward the top of the sac especially as the ascus ages. The lowermost 
regions become practically devoid of stainable contents, while the upper 
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third of the ascus is seen to be filled with dense, finely granular cytoplasm, 
the sporeplasm, which in some cases grades off quite imperceptibly into 
the watery vacuolate epiplasm below, but which usually is quite sharply 
delimited, especially as the ascus increases in age. Moreover it is rather 
characteristic for preparations to show invagination of this conspicuous 
densely-staining mass by the thin plasma below it, a situation sometimes 
seen in extreme expression as shown in plate 29, figure 13. The dense 
sporeplasm in the upper part of the ascus is destined to be the seat of 
activity for the phenomena leading to spore formation. 

The large fusion nucleus lies in the dense cytoplasm, often slightly 
below the center of the mass, and it frequently takes up its position to one 
side of the ascus (pl. 29, fig. 7). It attains a considerable size—sometimes 
measuring as much as 7.5y4 in diameter. When compared: with the defini- 
tive nucleus in a form like Verpa bohemica, which Komarnitzky (1914) 
reports has a diameter of up to 16y, it is not so big, but it is nevertheless 
a very conspicuous body and is especially striking since the cytoplasm in 
which it lies is remarkably free from the heavily staining granular material 
which is so abundant in many Ascomycetes and which I have observed 
to be very prominent in another Phacidiaceous form, Diplocarpon Rosae. 
Occasionally a few densely stained bodies may be seen, particularly in a 
zone just outside the nuclear membrane in Coccomyces hiemalis, but they 
are scarce. Exceptionally, several large vacuoles may be present (pl. 29, 
fig. 7). Numerous big vacuoles are visible in the sporeplasm of the ascus 
shown in figure 48, which is of interest also because of the fact that in this 
particular well-grown primary ascus nucleus two relatively small nucleoles 
are visible. Either the nucleoles of the fusing nuclei failed to unite in this 
case or perhaps the situation has resulted from fragmentation of a single 
large nucleole previously present. In any case the example is unique, no 
others like it having been observed. 

The definitive nucleus shows typically a large nucleole, and the chrom- 
atin is conspicuous. By far the greatest number of asci observed in the 
uninucleate condition showed the nuclear network more or less like that 
shown in plate 29, figs. 7 and 8. This was found to be the case in all of the 
material, regardless of the fixative used. Since it is already observable 
(though usually not so clearly defined) in only half-grown asci (fig. 6) and 
in such predominance among all the asci containing a single nucleus, it is 
evident that it must represent a considerably protracted stage. The inter- 
pretation of the nuclear organization here is not by any means easy. The 
essential features of it, insofar as I have been able to observe and interpret 
them, will now be considered. 

There is present a framework of clearly distinguishable linin in the 
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form of a thin thread or threads winding throughout the nuclear cavity, 
the various portions of which occasionally give the impression of anas- 
tomosing with each other; but again in other instances extensive segments 
appear clearly to lie free in loops (fig. 8, a); very conspicuous beads of 
chromatin are imbedded in the linin at intervals, (figs. 7 and 8). Just how 
to interpret the ‘“‘beads” is not clear. Whether they represent distinct 
chromatin masses, perhaps of the nature of prochromosomes, or are to be 
regarded as less definite, possibly chance aggregations in the thread or 
concentrations at focal points in the framework, of chromatin material in 
a disperse phase, I am not prepared to say. There is considerable resem- 
blance between the nuclei in Coccomyces hiemalis and the figures given us 
by Bagchee (1925) for Pustularia bolarioides where likewise numerous 
chromatin units figure prominently in the nuclear organization. In this 
form Bagchee reports the chromatin beads to be very distinct chromatin 
entities of definite number, perfectly related to the number of chromo- 
somes. She describes the formation of bivalent chromosomes in the pro- 
phases of the first division by the bringing together of the beads which 
she designates as “‘half-univalents,” first in pairs and then finally, at the 
beginning of second contraction, in tetrads. To what extent the chromatin 
bodies in the nuclei of the cherry leaf-spot fungus are comparable to those 
in Bagchee’s Pustularia, I am unable to state. It has not been possible to 
assign any definite number to these bodies in the species of Coccomyces 
studied. Moreover their size seems to vary, and I could not follow any 
of the complicated phenomena reported for Pustularia as effecting the 
association of the beads. Nuclei showing clearly defined spiremes also are 
to be found occasionally (fig. 9). Frequently the spiremes stain quite 
evenly throughout, but it must be admitted that they sometimes also 
show suggestions of beads. I have seen suggestions of double threads here, 
as well as earlier. It seems probable that the stage where chromatin beads 
are so much in evidence is to be interpreted as a protracted early pro- 
phase and that the distinct spiremes represent a later prophase develop- 
ment. It is conceivable that the chromatin bodies might maintain their 
individuality through this latter stage, although in most cases little trace 
of them can be found. Coccomyces is by no means the most favorable of 
material for study of these early prophases. With the exception of two cases 
where possible contraction phenomena were indicated, I have been un- 
able to identify in Coccomyces hiemalis the ordinary features character- 
izing the prophases of heterotypic division. 

It will be remembered that it is characteristic in many Ascomycetes 
for the fusion nucleus to enter very early into prophase of a heterotypic 
division. In Humaria rutilans Fraser (1908) reported that the nuclei in 
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the young ascus cell go into prophase independently even before fusion. 
In Peziza vesiculosa where fusion of the nuclei was seen to be delayed un- 
til the ascus had attained considerable size, it was also reported (Fraser 
and Welsford, 1908) that in the material examined the two nuclei were 
already showing first meiotic contraction at the time they fused. In these 
and similar forms the fusing nuclei are of quite large size—over 5y in diam- 
eter—and the amount of increase in the size of the fusion nucleus until 
its maximum is reached is not great. A similar situation obtains in Phyl- 
lactinia corylea (Harper, 1905). In the speciesof Coccomyces under consider- 
ation quite a different situation is found. The nuclei as relatively minute 
bodies fuse in the crozier without delay. The growth in volume of the 
definitive nucleus from the time the fusion is completed until maximum 
size is attained is enormous, paralleling the growth of the ascus in volume 
(cf. figs. 5 and 7). The small size of the very young primary ascus nucleus, 
in addition to the difficulties in obtaining good cytological preparations 
for this stage, renders it impossible to gain any accurate idea of the con- 
dition of the chromatin at this time. However, it seems quite unlikely 
that any such precocious entrance into prophase as Fraser found for 
Humaria rutilans occurs. On the contrary the evidence points to the prob- 
ability that the fusion nucleus increases to several times its original vol- 
ume before such stages emerge. These differences in relative size of nuclei 
at time of fusion and the differences in nuclear activity in these forms are 
interesting. How far they are to be correlated with mode and rate of de- 
velopment of the ascocarps in the species concerned, should be worth con- 
sideration. 

We need not consider in great detail the three successive nuclear 
divisions in the ascus. The division figures here are not large and in gen- 
eral agree in character with figures already published for many other 
Ascomycetes. In all three divisions the same number of chromosomes— 
namely, four—seem to be present at the equatorial plate stage. No ana- 
phase stages were seen, and in telophase the individual chromosomes could 
not, of course, be identified. The spindles were found to be intranuclear, 
and small densely-staining centrosomes were identified. The spindle of the 
first division lies more or less parallel to the long axis of the ascus. A divi- 
sion figure at equatorial plate is shown in figure 10. At telophase the 
chromosomes are grouped in a dense mass at the poles, and a remnant of 
the spindle usually can be seen lying between the two. The telophase of 
the first division shows the same features as that of the second, which is 
illustrated in figure 13, and will be described below. The two reorganized 
daughter nuclei grow to conspicuous bodies which, like the primary ascus 
nucleus, show chromatin-bead structure in favorable preparations (fig. 11). 
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The spindles of the second division lie usually somewhat diagonally in the 
ascus (fig. 12). Figure 13 shows that the spindles may lie almost parallel 
to the long axis of the sac. It shows, moreover, an unusually interesting 
relation of the position of the division figures to the contour of the dense 
cytoplasm, which is here extremely invaginated. Incidentally it shows also 
the characteristics of the telophase—the chromosomes closely grouped at 
the poles and the remnant of the spindle (which elongates somewhat after 
the nuclear membrane disappears) visible as a rather thick lightly staining 
thread between them, while in the cytoplasm midway between the two 
chromosome masses, the disorganizing nucleole of the mother nucleus may 
still be identified. The position of the nuclei at the four-nucleate stage is 
indicated in figures 14-16. Chromatin beads can be identified in some 
cases, but in these smaller nuclei they are usually not clearly distinguish- 
able. Asci at the four-nucleate stage are quite abundant. This fact leads 
to the assumption that at this point a considerable rest period ensues 
(cf. observations of Brooks (1910) on Gnomonia erythrostoma, Bagchee 
(1925) on Pustularia, etc.). Following the third division (fig. 16) the eight 
small nuclei move rapidly toward the walls of the ascus and there develop 
prominent beaks and cut out the spores with the usual accompaniment of 
astral rays (figs. 18 and 19). 

Not very many Ascomycetes with long ascospores have been studied 
cytologically, and there seems to be some confusion in the literature con- 
cerning the exact process by which these spores are developed. Maire’s 
figures (Maire, 1905), showing the very young spores of Rhytisma acerinum 
as more or less spherical or ovoid structures which only later elongate, 
are doubtless correct. Faull (1912) indicates a similar situation in the de- 
velopment of elongated ascospores in Laboulbenia chaetophora, and Joli- 
vette (1910) does likewise in the case of Geoglossum glabrum. Lewis’ figures 
for Pleurage zygospora (Lewis, 1911) indicate that here the spores begin 
as very small, rather broadly ellipsoid bodies which subsequently undergo 
extensive elongation and finally differentiation. Jones’ (1925) figures and 
description of spore development in Rhytisma acerinum are less clear. He 
suggests the probable functioning of vacuoles in the delimitation process; 
and one gets the idea from his paper that he believes that the spores as 
first formed tend to have an elongate shape. The crude figures of Lewton- 
Brain (1901) for Cordyceps ophioglossoides, show the spores delimited as 
filiform structures. 

In my study I have been able to show clearly that in Coccomyces hie- 
malis the spores are cut out as very nearly spherical bodies which only 
through a process of elongation and growth finally assume the shape typi- 
cal of the mature spores of this species (see text-fig. 2). In figure 20 the 
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delimitation process has just been completed. In figures 21 and 22 the 
spores are older and they stand out in sharper outline. Perhaps there has 
already been some thickening of the spore membranes. The young spores 
lie closely packed in the upper part of the ascus, the position previously 
occupied by the sporeplasm from which they were cut out. The epiplasm 
is at first dense but thins out as the spores develop. Figure 55 shows an 
ascus at the stage in question, from an aceto-carmine in toto preparation. 
The normal position of the spores seems to have been upset during the 
crushing of the ascocarp. But the globular form of the spores in focus is 
evident. 


)) 


Fig. 2. Asci and ascospores of C. hiemalis (from aceto-carmine preparations). 
X about 500. 


The spores do not long maintain their spherical shape. They very soon 
start to elongate, increasing slowly in volume. Figures 23 and 24 show two 
successive sections of an ascus which, although in some respects abnormal, 
shows clearly the first stages of elongation. This ascus is larger than the 
average, and the spores are somewhat bigger than usual at this stage. 
Moreover their usually crowded arrangement is here lacking. Their shape, 
however, is quite typical. The ascus shown in figure 47 is also abnormal. 
Here only one of the eight nuclei in the sac appears to have cut out a 
spore. Remains of several nuclei lying free in the cytoplasm may be seen. 
Reference will again be made to this ascus in another connection. Figures 
25 and 26 show typical asci with the elongation process considerably far- 
ther under way. The arrangement of the ascospores is characteristic, re- 
main closely packed together and lie diagonally in the sac, parallel to 
one another. Often at this stage the exact limits of the individual spores 
are not easy to see. As the spores attain a considerable length, they slip 
more and more into a position parallel to the long axis of the sac. The 
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early elongation apparently takes place with considerable rapidity and al- 
though the spores increase in volume, this increase is not often in propor- 
tion to the change in length, with the result that the young spores at the 
stage following that just described, are sometimes quite thin structures 
(fig. 27). The final stages of elongation take place more slowly; and the 
spores now increase markedly in diameter while completing their growth 
in length (figs. 28-31). 

Some general idea of the changes in size and shape of the spore nucleus 
during the development of the ascospores may be had from an examination 
of figures 20-31. The increase in size from the time the spore is cut out is 
considerable. As the spore assumes an elongated form, the nucleus also 
becomes more or less stretched out. In the thinnest young spores the con- 
tour of the nucleus may be greatly modified in conformity to the small 
diameter of the cell in which it lies. The nucleole usually is found near one 
end of the nucleus, and sometimes that is all that can be clearly distin- 
guished, the stainability of the chromatin varying decidedly, even oc- 
casionally in spores of the same ascus (fig. 30). With the increase in diam- 
eter of the spore, the nucleus returns more or less to its normal spherical 
shape (fig. 31). 

As the growth of the spore proceeds, the ascus increases in size. The 
denser materials of the epiplasm are used up more or less completely, and 
the ascospores usually come to fill the sac in its entire diameter. The 
fascicled arrangement is typical, and is represented in cross-section in fig- 
ure 32. I was unable to find nuclear division in spores in any of my material. 
The evidence is that the original nucleus does usually divide, however; and 
the spore becomes septated, each segment thus formed including presum- 
ably one of the daughter, or grand-daughter, nuclei (figs. 33 and 34). Sep- 
tation occurs as one of the final steps in the maturation of the spores and 
is accomplished only a short time before they are shot out. Most often 
mature spores have a single septum, less commonly two, and quite rarely 
three. Occasionally non-septate spores may be found (text-fig. 1). There 
does not appear to be perfect correlation between spore size and degree 
of septation. 

Having thus presented a fairly detailed picture of normal ascus de- 
velopment in Coccomyces hiemalis, I shall now consider certain abnormal 
features. 

GIANT ASCOSPORES 

While studying some mounts of ascocarps dissected and crushed out 
in aceto-carmine, my attention was occasionally drawn to certain asci 
which presented an abnormal appearance. While some of the spores in 
these were perfectly normal, others were seen to be of unusual size and in 
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some instances of peculiar shape (fig. 57). Closer examination showed, 
further, that in every instance these asci contained fewer than eight spores. 
Figure 59 shows the contents of an abnormal six-spored ascus. Two of the 
spores are markedly longer than the four which are of normal size. The 
giant spores here differ only in their increased dimensions, whereas one of 
the two giants in the ascus pictured in figure 57, shows also very abnormal 
contour. Figure 58 shows what came out of an abnormal five-spored ascus 
in which the spores were just in process of elongation when crushed. The 
three central ones are larger than the outer two. Undoubtedly the central 
three would have elongated and grown to be giants while the other two 
would have developed into normal spores. 

Accounts of the occurrence of giant ascospores are still something of a 
rarity in the literature. This is perhaps the first time that they have been 
reported for a parasitic species. Spores of unusual size were occasionally 
observed by very early mycologists but they were regarded for the most 
part as inconsequential. Records of irregularity in size and number of 
spores in an ascus are not wanting in taxonomic literature. Maire (1905), 
Faull (1905), and Fraser (1908) figured spores of unusual size in Mor- 
chella esculenta, Neotiella albocincta, and Humaria rutilans respectively. 
These early cytologists called attention to the abnormal character of such 
spores but did not discuss them further. Later workers on big spores have 
given them more thorough consideration and in several instances, as will 
be pointed out later, their studies have brought out some very interesting 
points and relations. Among the best known and most remarkable ex- 
amples of giant spores are those found in Neurospora. Dodge (1927, 1928a, 
1928b, 1929) reported their occurrence here in various species and hy- 
brids and indicated their significance in relation to their genetic consti- 
tution. Recently Moreau and Moruzi (1932a, 1932b, 1932c) have de- 
scribed some interesting experiments they performed with big spores found 
in N. sitophila. Abnormally large ascospores are also known in Pleurage 
anserina and have been found comparable to those of Neurospora tetra- 
sperma. Moreau (1914) has called attention to variability of ascospore 
size in Bulgaria inquinans and has presented an interesting study of the 
situation there. Very recently Zickler has produced giant spores experi- 
mentally in Sordaria macrospora and Neurospora crassa by the use of chlo- 
ral hydrate and ether. In most of the instances evidence, either direct or 
indirect, has been brought out to the effect that more than a single nucleus 
is included in each giant spore at the time of its formation. Fraser (1908) 
figured five nuclei cooperating in the cutting out of a single giant spore in 
Humaria granulata, and Faull’s (1905) drawing of the big Neotiella spore 
shows that two nuclei were included. Maire (1905) found evidence that 
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likewise two nuclei were involved in the formation of the big Morchella 
spore which he figured. In 1907 Dangeard published a drawing of an ascus 
of Ascobolus furfuraceus with seven spores, one of which contained two 
nuclei. Very recently Gwynne-Vaughan (1933) has figured a six-spored 
ascus of Lachnea scutellata; one of the six spores is an irregularly shaped 
giant with three nuclei. Dodge has shown clearly that a correlation exists 
between the number of spores found in an ascus in Neurospora and the 
presence among them of spores of unusual size, and a similar correlation 
is known to exist in Pleurage anserina, etc. ‘‘ Extra-giant”’ spores have been 
found in Neurospora (Dodge, 1927, 1928a; Moreau et Moruzi, 1932a), 
and recently they have been artificially produced by Zickler (1931) es- 
pecially in Sordaria macrospora. An extreme case where but one super- 
giant Neurospora spore is produced in an ascus, is figured by Dodge (1928a) 
who believes that in such a case the giant has claimed all eight nuclei 
present in the sac. 

A paper of interest and one in which evidence is brought forth that 
the inequality in size among spores in an ascus may not necessarily be 
correlated with a difference in nuclear content at the time the spores are 
cut out is that of Moreau (1914), above mentioned, on Bulgaria inquinans, 
a species where irregularities in number and especially size of spores has 
apparently been recognized quite widely. Moreau concluded from his study 
that in some instances two or three nuclei are included in a single big 
spore, in which event the total number of spores is proportionally reduced. 
However, he discovered that not all the big spores were of this same cyto- 
logical character. Some asci contained some big and some small spores but 
regardless of their size each contained only a single nucleus. The explana- 
tion for this was found to lie in the fact that there is a tendency in this 
species to a lack of synchrony in the nuclear divisions in the ascus. Be- 
cause of this situation some spores (usually 4) are formed before the others. 
The assumption is that the first-formed spores are better nourished and 
hence grow bigger. The later-formed spores are usually perfectly viable, 
however. Such asci naturally contain eight spores. But in some instances 
the spores last cut out may be so poorly nourished that they abort, and 
in such a case superficial examination may show the presence of only four 
spores. In this species, then, the number and size of ascospores may both 
vary for quite different reasons. 

There are to be found in the literature descriptions of other species 
which agree more or less closely with the form just described in showing, 
very frequently, asci with four large and four small spores. In two species 
of Trichoglossum, T. velutipes and T. tetrasporum, Sinden and Fitzpatrick 
(1930) have described a situation where only four spores in an ascus mature 
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and the other four degenerate after formation or remain more or less abor- 
tive. Woronin (1888) described and figured the asci of Sclerotinia oxycocct 
and Sclerotinia baccarum. In both of these he found, apparently with con- 
siderable constancy, four large ascospores in each spore sac and also four 
of much smaller size. Unlike the situation in the species of Bulgaria which 
Moreau studied, however, Woronin reported that the small spores in the 
Sclerotinias in question would not germinate. Unfortunately we know 
nothing of the cytology of the ascus either in the case of these forms de- 
scribed by Woronin or of the two Trichoglossum species above mentioned. 
It would be interesting to determine whether the situations here are to be 
explained in the same fashion as that in Bulgaria inquinans. There can be 
no doubt that nutritional relations may play a very significant part in 
causing variations in ascospore size. In the light of this and of our knowl- 
edge of degeneration of nuclei and spore initials under a variety of cir- 
cumstances, it is apparent that without cytological study we cannot safely 
come to a conclusion as to the number of nuclei included in any particular 
spore. 

I have mentioned the fact that in the cherry leaf-spot fungus, as also 
in some other regularly eight-spored forms, it has been ascertained that 
asci in which big spores occur have fewer than the normal number of 
spores. In several forms, as in certain species of the Erysiphaceae, Laboul- 
benia, Meliola, and Keithia, also in Neurospora tetrasperma, Pleurage an- 
serina, etc. it is the rule. The cytological studies in which the nuclear re- 
lations in these forms are considered are of interest here because the nu- 
clear phenomena in relation to spore formation in many of these are of 
the same order as those involved in the formation of giant spores. In fact, 
one might say that in a certain few of these forms all the spores are giants 
and that these are formed in definite number and regular fashion, the habit 
of forming them having become established as a constant character in the 
particular species. All except the most recent of these studies have been 
noted by Dodge (1928b). 

Harper (1905) studied Phyllactinia corylea which usually shows two 
spores in an ascus and found that although the usual eight nuclei are 
formed, six degenerate and only two cut out a spore each. In the two spe- 
cies of Laboulbenia studied by Faull, L. chaetophora and L. gyrinidarum, 
four of the nuclei function and four degenerate, each of the four spores 
formed thus having a single nucleus at its initiation. Komarnitzky (1914) 
concluded that in Verpa bohemica the two spores developed each include 
but a single nucleus. He found that the regular triple nuclear division 
occurs in the ascus but reports that in his material following each of the 
first two divisions one of the daughter nuclei migrated out of the dense 
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sporeplasm into the more watery cytoplasm below, there to degenerate 
directly or undergo a division after which the resultant daughter nuclei 
would disorganize—an interesting sequence if true, but unfortunately 
Komarnitzky’s figures are not completely convincing. We know of other 
forms where the reduced number of spores is due to degeneration of spore 
initials after they have been formed. 

Podospora anserina (Pleurage anserina) (Wolf, 1912), which has typi- 
cally four spores, was the first form in which the inclusion of more than one 
nucleus was reported as a phenomenon of regular occurrence. Eight nu- 
clei are formed in the ascus and two co-operate to form each spore. Dodge 
(1927) found a similiar situation in the four-spored species Neurospora 
tetrasperma, but he made a more complete cytological study of the ascus 
and gave us very interesting figures showing the actual details of spore 
delimitation with two nuclei co-operating. Moreover he was able to offer 
conclusive evidence that in that species nuclei of opposite ‘‘sex’’ come to- 
gether in pairs, and each pair cuts out a spore capable at maturity of germi- 
nating to produce a homothallic mycelium. Dwarf spores formed as an 
abnormality and containing a single nucleus at origin, were found to be 
of one “‘sex”’ or the other. Such a spore produced a mycelium which, un- 
less mated with the opposite strain, remained sterile. A similar state of 
affairs apparently exists in the four-spored form Pleurage anserina (Dowd- 
ing, 1931), and likewise in the four-spored form of Sordaria fimicola (Page, 
1933). Recently Graff (1932) has shown that two nuclei are included in 
each of the four spores of the ascus in Meliola circinans. In some ways the 
most remarkable case is that reported by Dodge (1928b) for Keithia 
chamaecyparissi where he concluded that despite the fact that only two 
spores are regularly formed, all eight nuclei function, four being included 
in each ascospore. 

Our knowledge of the nuclear situation in giant spores in Ascomycetes 
has been arrived at not only through actual cytological observation, but 
also to some extent by deduction from certain cultural experiments in 
which the character of mycelia derived from big spores has been studied. 
In Neurospora which has played a major réle in the giant spore studies, 
deductions of this kind have had an important part (Dodge, 1929, Moreau 
and Moruzi, 1932a; 1932b). 

In the case of giant spores in Coccomyces hiemalis I was fortunate in 
obtaining some cytological data concerning the nuclear situation, which, 
although not complete is nevertheless interesting. In studying a relatively 
large number of cytological preparations of sections through ascocarps, 
occasionally I found an ascus with giant spores. Although thus far I have 
been unable to construct a complete developmental series from this scat- 
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tered material, yet evidence is clear that the big spores in this form claim 
at their formation two or more of the eight nuclei resulting from the three 
successive nuclear divisions. I have found to date no examples of giant 
spores in process of being delimited. Figure 35, however, shows an ascus 
where the spores have not yet begun to elongate. There are seven spores 
present and one of them is considerably larger than the others and con- 
tains two nuclei. In figure 36 are to be seen two more spores of interest. 
Comparison of their size with that of normal spores in the spherical stage 
at once shows these to be giants. In one of the spores—the larger of the 
two—there are three nuclei, while the other has two. Figure 37 shows two 
giant spores in early stages of elongation, each containing two nuclei. 
Figure 39 shows a clearly abnormal spore which, however, is apparently 
not yet fully grown. This giant shows an atypical shape and contains five 
nuclei. In figures 38 and 40 can be seen a two- and three-nucleate spore 
respectively. The contrast in size with normal spores is here well illustrated. 
The giant pictured in figure 42 shows four nuclei. But its great size would 
suggest that perhaps even more were present but were cut off in the sec- 
tioning. Unfortunately the rest of the ascus could not be identified in the 
next section. Figures 41 and 43 are of interest because of the peculiar shape 
of the big spores; and incidentally the spore shown in figure 43 contains 
six nuciei—the largest number I have observed to date. It should be 
pointed out that while the included nuclei may take up various positions 
in a big spore, as inspection of the figures will show, there seems to be a 
decided tendency in many cases for the nuclei to clump closely together 
(figs. 39, 42, 43, 45, and 46). 

In certain of these asci with big spores a nucleus can be seen occasion- 
ally which has not to all appearances been included in any spore but lies 
free in the epiplasm, as is so common in the powdery mildews. These ex- 
amples are quite rare in my material. Mention has already been made in 
the preceding section, of an ascus obviously not normal but without big 
spores where most of the nuclei seemed destined to disintegration (fig. 47). 
The development of all these abnormal asci may likely be perfectly normal 
up to a certain stage. It may well be that at some critical point adverse 
environmental factors of one sort or another (perhaps of small moment) 
obtaining at the time, disturb the delicately-balanced workings in the spore 
sac. This upset might conceivably be expressed in more than one way. 
Dodge (1928a) has given us a most interesting figure of a case in a Neu- 
rospora hybrid where an ascus failed to develop any spores at all but in- 
stead the wall of the ascus darkened and took on the normal markings of 
a mature spore. Zickler (1931) in his work seems to have obtained similar 
cases where whole asci took on features characteristic of mature spores. 
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It may not be exactly correct to speak of these in the fashion that Zickler 
does, as asci which have turned into single big spores. The fundamental 
thing here, however, seems to be that the protoplasts, although failing 
to function in the usual fashion, do not abort completely or disintegrate, 
but, with age, effect certain changes in the whole sac which normally 
characterize maturation phenomena in spores of the species involved. It 
is quite conceivable that in these cases the plasma membrane of the ascus 
may function exactly as the limiting membrane formed when a spore is 
cut out. In a certain sense, then, it may be right to speak of the transfor- 
mation of one of these sacs into a single spore. But we must distinguish 
carefully between these types and such examples as Dodge (1928a) figures 
where we have a single clearly defined super-giant spore lying free in the 
sac, a spore very evidently delimited in the fashion characteristic of as- 
cospores, though all the nuclei must have co-operated in the process. 
Zickler fails to distinguish sharply between the two types. Nothing is 
known of the nuclear behavior in the asci undergoing the peculiar changes 
just described, and none of these “‘asci” has ever been germinated. In any 
case these examples furnish us with extreme illustrations of drastic modi- 
fications of the familiar sequence of events in the spore sac, correlated 
doubtless with some serious upset in the mechanism. Zickler’s success in 
producing asci with big spores in abundance by use of certain chemicals 
is very interesting and may open the way for an extensive and illuminating 
study of experimental abnormal cytology of the ascus. 

In general, on the basis of the facts disclosed in the study of the cytol- 
ogy of the giant spores in the leaf-spot fungus, as already detailed, I 
believe we are safe in concluding that in Coccomyces the observation that 
there are fewer than eight spores in asci containing spores of unusual size 
is to be explained by the fact that the giants enclose two or more of the 
eight nuclei which are present as the result of the three successive nuclear 
divisions. 

I have been unable to find any septate giant ascospores, so I cannot 
be sure that they ever do become septate. If they do, it would be interest- 
ing to learn the nuclear behavior associated with septation. Also no big 
spores have to date been germinated. If these can be germinated, as is 
likely, it would be worthwhile to study the nuclear behavior during the 
process. The situation here is especially interesting because of the fact that 
the mycelium in this species is made up of uninucleate cells. 

We are not yet in a position to evaluate the significance of giant spores 
in Coccomyces hiemalis. They are of interest of course as abnormalities. 
The observations here recorded place the cherry leaf-spot fungus among 
the few species, still less than ten, in which giant ascospores have been 
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reported. They place it in the still more limited list of normally eight- 
spored forms where giant spores have occasionally been found and in which 
convincing evidence has been adduced that more than a single nucleus is 
involved in the formation of each of these. We have here the first parasitic 
form and the first long-spored form recorded as exhibiting the phenomenon. 

If this species could be shown to be heterothallic and of the type we 
know in Neurospora sitophila in which it has been demonstrated a definite 
segregation takes place, so that four spores of one “‘sexual reaction” and 
four of another are formed in every normal ascus, we should be able then 
to determine experimentally the compatibility relations of the big spores. 
In such a case, giant spores containing five or six nuclei, such as I have 
been able to observe, would surely contain nuclei of opposite “sexual 
reactions,” and a homothallic mycelium might perhaps be expected to re- 
sult when such a spore germinated, just as Moreau and Moruzi (1932a) 
found that in Neurospora sitophila certain giant spores produced a my- 
celium that by itself developed perithecia, although a normal sized spore 
in this species invariably produces a mycelium of one “‘sexual”’ reaction 
only. 


SUMMARY 


1. Origin of the asci through crozier formation is here described for 
Coccomyces hiemalis. 

2. The definitive nucleus shows a protracted prophase stage in which 
chromatin beads are prominent. 

3. The division figures show the features commonly described for nu- 
clear divisions in asci. Four chromosomes seem to be present at equatorial 
plate in all three divisions. 

4. Following the last division the nuclei develop prominent beaks, and 
the spores are delimited with the usual accompaniment of astral rays. 

5. The ascospores are cut out as practically spherical bodies and only 
after a period of elongation and growth attain the form characteristic of 
mature spores in this species. 

6. The occasional occurrence of asci with giant spores is reported. It 
has been possible to show, especially in aceto-carmine preparations, that 
such abnormal asci contain fewer than eight spores. 

7. Evidence is presented on the basis of a cytological study that two 
or more of the eight nuclei present in the ascus following the third nuclear 
division are incorporated in each giant spore at the time it is delimited. 
Big spores containing from two to six nuclei are described. The possible 
significance of such abnormal ascospores is indicated. 
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Explanation of plates 


All drawings were made with the aid of an Abbe camera lucida. All except Fig. 19, 
Plate 29, were drawn under a Leitz 12 oil imm. lens with Leitz ocular 4. Magnification 
about 1400 diameters. For Fig. 19 a Zeiss 20 X ocular was used; magnification obtained 
approximately 2900 diameters. The photomicrographs were taken at various magni- 
fications. 

Plate 29 

Figs. 1-5. Croziers. 

Fig. 6. Young ascus about one third grown. 

Figs. 7 and 8. Uninucleate asci, showing prominent chromatin bodies in nuclei. 

Fig. 9. Spireme. 

Fig. 10. First division, equatorial plate. 

Fig. 11. Two-nucleate ascus, nuclei showing “chromatin beads.” 

Fig. 12. Second division, equatorial plate. 

Fig. 13. Second division, telophase; ascus showing invaginated spore-plasm. 

Figs. 14 and 15. Four-nucleate stage. 

Fig. 16. Third division. 

Fig. 17. Eight-nucleate stage. 

Fig. 18. The delimitation of the spores. 

Fig. 19. Beaked nucleus and cutting-out of a spore. X about 2900. 


~ 


Plate 30 

Fig. 20. Spores just cut out. 

Figs. 21 and 22. Stage following that in fig. 20. Spores «::'! spherical. 

Figs. 23 and 24. Two sections of same ascus. Earliest stage of elongation of asco- 
spores. Ascus abnormally large. 

Figs. 25 and 26. Early stages in elongation of ascospores. 

Fig. 27. Ascus with young, very narrow, elongated spores. 

Figs. 28-30. Further stages in growth and elongation of ascospores. 

Fig. 31. Late stage in development of spore in uninucleate condition. The nucleus 
has returned to a nearly spherical shape. 

Fig. 32. Cross-section of a maturing ascus, showing spore arrangement. 

Fig. 33. Ascus with septate spores. 

Fig. 34. Mature septate spore. 
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Plate 31 

Fig. 35. Seven-spored ascus shortly after delimitation of spores. One spore a two- 
nucleate giant. 

Fig. 36. Ascus with two young giant spores. 

Fig. 37. Two giant spores in early stage of elongation. 

Fig. 38. Two-nucleate big spore. 

Fig. 39. Five-nucleate giant of atypical shape ane not full-grown. 

Fig. 40. Section of ascus showing one three-nucleate giant and three normal 
spores. 

Fig. 41. Three-nucleate spore of atypical form. 

Fig. 42. Four-nucleate giant spore. 

Fig. 43. Six-nucleate spore of irregular shape. 

Fig. 44. Portion of an ascus showing part of a big spore with two nuclei. 

Fig. 45. Portion of a giant spore showing three nuclei clumped together. 

Fig. 46. Portion of a three-nucleate big spore with clumped nuclei. 

Fig. 47. Abnormal ascus. A single spore just beginning to elongate, and nuclei 
lying free in the epiplasm. 


On 


Fig. 48. Ascus showing two small nucleoles in fusion nucleus. Note also vacuolate 
sporeplasm. 


Plate 32 

Fig. 49. Section of an unopened ascocarp showing general features. Largest asci 
in uninucleate condition. 

Fig. 50. Section of two open apothecia. Spores elongated and nearly mature. 

Fig. 51. Portions of contents of an ascocarp crushed out in aceto-carmine. 

Figs. 52-54. Photomicrographs of croziers from aceto-carmine preparations. 

Fig. 55. Photomicrograph of ascus showing spores in spherical stage. 

Fig. 56. Photomicrographs from aceto-carmine preparations, illustrating growth 
and maturation of ascospores. A, B, ane C taken at same magnification. ( X about 400.) 

A—Ascus with spores in relatively early stage of elongation. Note condition of 
epiplasm. 

B—Ascus with spores further developed. 

C—A mature spore. 

Fig. 57. Abnormal ascus showing two giants, one, especially, of atypical shape. 

Fig. 58. Contents of abnormal five-spored ascus with spores in process of elonga- 
tion. Three giants and two normal spores. 

Fig. 59. Contents of an abnormal ascus: two giant spores and four normal spores. 
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On Poa malabarica Linnaeus 
E. D. MERRILL 


An interesting case of interpretation of types is presented by Poa mala- 
barica Linn., regarding which there may well be differences of opinion. 
The species has been reduced to as diverse ones as Panicum nodosum Kunth 
(P. arnottianum Nees) = Hemigymnia =Ottochloa; by an error in identifica- 
tion to Centotheca lappacea Desv.=C. latifolia (Osbeck) Trin.; and to 
Diplachne fusca Beauv. The case seems to be worthy of more extended 
consideration than has been given it. Munro (Jour. Linn. Soc. Bot. 6: 
43. 1862) stated that the specimen of Poa malabarica in the Linnaean 
herbarium is Panicum arnottianum Nees. This was noted by me (Philip. 
Journ. Sci. Bot. 4: 248. 1909) when I transferred the specific name to 
Panicum as P. malabaricum (Linn.) Merr., on the assumption that this 
specimen was the actual type. At this time, on the basis of a rough tracing 
of Rheede’s illustration, I considered that his plate of Tsiama-pulu repre- 
sented the same species as the specimen in the Linnaean herbarium that 
had been examined by Munro. This is not the case, however, as noted by 
Stapf (in Prain Fl. Trop. Afr. 9: 743. 1920) who there proposed the generic 
name Hemigymnia to include Panicum multinode Pres| =P. nodosum Kunth 
and P. arnottianum Nees. Hooker f. referred Rheede’s illustration, cited 
by Linnaeus in the original description of Poa malabarica Linn. to Diplach- 
ne fusca Beauv. and Stapf thus accepts this: ‘‘What Rheede’s plate rep- 
resents may be doubtful but I would suggest that it was drawn from a 
specimen of Diplachne fusca.”’ It unquestionably represents Beauvois’ 
species. 

In 1930 Henrard (Meded. Rijks Herb. Leiden 61: 12. 1930) after ex- 
amining the specimen of Poa malabarica Linn. in the Linnaean her- 
barium, concluded that it represented a species distinct from both Pant- 
cum nodosum Kunth and P. arnottianum Nees, and transferred the specific 
name to Hemigymnia as H. malabarica (Linn.) Henrard for a species known 
only from southeastern China and Indo-China. A year later Dandy (Jour. 
Bot. 69: 54. 1931) proposed the new generic name Ottochloa for Hemigym- 
nia Stapf, non Griff., with the binomial Ottochloa malabarica (Linn.) Dan- 
dy for the southeastern Asiatic form. Stapf, Henrard and Dandy all as- 
sumed that the actual specimen in the Linnaean herbarium, one collected 
by Osbeck near Canton, China, was the actual type of Poa malabarica 
Linn. I do not accept this interpretation as, even with Linnaeus’ wide 
concept of geographic areas as appertaining to “India,” I consider it il- 
logical to typify a species bearing the name malabarica by a specimen col- 
lected in southeastern China, and a form that does not occur in Malabar, 
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or even in India, and one that does not conform to the characters given 
by Linnaeus. 
The original Linnaean description of Poa malabarica is as follows: 


“Poa paniculae ramis simplicissimis, floribus sessilibus, seminibus dis- 
tantibus, culmo repente. Tsiama-pulu Rheed. mal. 12. p. 83. t. 45. Habitat 
in Indiae arenosis.”’ 


It may be noted that Linnaeus took his specific name, all the charac- 
ters, except possibly “‘culmo repente,”’ and the habitat from Rheede who 
states as to the habitat: ‘‘Planta arenosa gaudens solo,” and as to the 
spikelets ‘‘spicae . . . oblongae, cuspidatae . . . quatuor constantes folio- 
lis cuspidatis, in singulis semen includitur unicum.’’ These characters are 
not those of Panicum (Hemigymnia, Ottochloa), but apply to Diplachne, 
and the illustration clearly represents Diplachne; nor does the Linnaean 
phrase ‘‘seminibus distantibus”’ apply to Panicum, while the habitat cited 
is not that of Panicum nodosum. Yet Stapf states that this description 
was based on the specimen in the Linnaean herbarium, not on Rheede’s 
illustration. He considers that Linnaeus’ quotation of the reference to 
Rheede is of little importance in this instance and explains the habitat 
“in Indiae arenosis” by the loose way in which the term India was used 
in those days or as a consequence of Linnaeus’ mistaken identification of 
the plant of Rheede. 

In tracing the history of the specimen in the Linnaean herbarium, 
which was in the herbarium in 1753, when the first edition of the Species 
Plantarum was published and which was named Poa malabarica by Lin- 
naeus himself, it is found that this was collected by Osbeck in the vicinity 
of Canton, China, December 17, 1751, as recorded by Osbeck himself. 
He reached Sweden on his return trip to Europe on June 26, 1752. It is 
probable that his botanical material was delivered to Linnaeus shortly 
after he reached home, for some species based on Osbeck’s specimens are 
included in the first edition of the Species Plantarum (1753). 

It is clear that in June i752 the manuscript of the Species Plantarum 
was well advanced and that these Osbeck references were interpolated in 
the manuscript or in the text. It seems also safe to assume that the entire 
original basis of Poa malabarica Linn., at least as to the original manu- 
script, was the illustration and description cited from Rheede’s Hortus 
Malabaricus; that the erroneous identification of Osbeck’s specimen as 
representing Poa malabarica was hurriedly done; and that perhaps the 
phrase ‘‘culmo repente’”’ was added from the actual specimen. In view of 
these circumstances, and particularly in view of the Linnaean description, 
and the fact that his concept of Poa included Eragrostis, but nothing ap- 











1933] MERRILL: POA MALABARICA 635 


proaching Panicum, I do not accept the named specimen in the Linnaean 
herbarium as the actual type of Poa malabarica, but interpret the species 
wholly from Rheede’s illustration and description; the specimen merely 
represents an erroneous identification on the part of Linnaeus. That he 
noted the error is evidenced by the fact that in repeating the description, 
Species Plantarum ed. 2, 100. 1762, he eliminated the reference to Rheede 
but did not otherwise modify it, so this description does not apply to the 
Panicum (Hemigymnia, Ottochloa), even the ‘‘seminibus distantibus”’ re- 
maining as in the original. Neither here nor in the original description does 
Linnaeus cite the Osbeck specimen, or China as a habitat, nor is there 
any indication in the description, except possibly the “‘culmo repente,”’ 
that it was based on an actual specimen. The case might be disposed of 
under the rule that a description based on a mixture of two or more species 
is invalid, but I personally prefer to interpret this Linnaean species on 
the basis of the description and illustration cited by him, ignoring the 
specimen as erroneously named. The partial synonymy would then be as 
follows: 


Diplachne malabarica (Linn.) comb. nov. 


Poa malabarica Linn. Sp. P1.69. 1753, quoad syn. Rheede, excl. spec. in herb. Linn. 

Festuca fusca Linn. FI. Palaest. 13. 1756, nomen nudum, Amoen. Acad. 4: 450. 1759, 
nomen nudum, Syst. ed. 10, 876. 1759, Sp. Pl. 109. 1762. 

Bromus polystachios Forsk. Fl. Aeg.-Arab. 23. 1775. 

Festuca indica Retz. Obs. 4: 21. 1786. 

Triodia ambigua R. Br. Prodr. 183. 1810. 

Diplachne fusca Beauv. Agrost. 163. 1812. 

Poa procera Roxb. FI. Ind. 1: 334. 1820. 

Diplachne indica Spreng. Syst. 1: 351. 1825. 

Leptochloa? fusca Kunth Distr. Méth. Gram. 91. 1829. 

Uralepis fusca Steud. Syn. Gram. 247. 1854. 

Uralepis drummondii Steud. 1. c. 247. 1854. 

Eragrostis procera Steud. op. cit. 266. 1854. 


Diplachne polystachya Backer in Bull. Jard. Bot. 
Buitenz. III. 2: 325. 1920. 


Backer notes (Bull. Jard. Bot. Buitenz. III. 2: 325. 1920), that Festuca 
fusca Linn. (Sp. Pl. ed. 2, 109. 1762) the name bringing synonym of 
Diplachne fusca Beauv., was described from a Palestine specimen as having 
a decompound panicle with 16- to 24-flowered spikelets about an inch 
long and because these are not characters of Diplachne fusca Beauv. he 
abandoned the Linnaean specific name and accepted for the common and 
widely distributed grass currently referred to Diplachne fusca (Linn.) 
Beauv. the binomial Diplachne polystachya Backer, based on Bromus 
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polystachios Forsk. (1775). In Diplachne fusca Beauv. as currently inter- 
preted the spikelets are usually less than 1 cm long and bear from 4 to 
16 florets. At my request Mr. J. E. Dandy of the British Museum, Natural 
History, examined the Linnaean type and reports as follows: 

“T have examined Linnaeus’s type-specimen of Festuca fusca at the 
Linnean Herbarium, and am of the opinion that it is conspecific with the 
grass currently passing as Diplachne fusca. Linnaeus’s description, Sp. 
Pl. ed. 2, is misleading. I counted the florets in a few spikelets of the type 
and found 8-11 florets to a spikelet. Linnaeus stated that there were 16— 
24, but I suspect that he counted the florets of two spikelets which hap- 
pened to be lying end to end; at any rate he certainly miscounted them. 
The type-sheet bears the written sign © which means that the specimen 
was collected by F. Hasselquist (in Palestine). The epithet fusca is written 
at the bottom of the sheet. Incidentally the name F. fusca was first pub- 
lished (as a nomen nudum) by Linnaeus in 1756 and a description first 
appeared in 1759. The full reference is as follows: Festuca fusca L., FI. 
Palaest. 13, nomen nudum (1756); Amoen. Acad. 4: 450, 1759, nomen 
nudum: Syst. Nat. Ed. 10, 2: 876. (1759); Sp. Pl. Ed. 2, 1: 109. (1762).”’ 

Some may object to this interpretation because Rheede’s rather crude 
figure shows distant obtuse glumes, more like those of some species of 
Eragrostis; yet his description calls for cuspidate glumes, and while the 
spikelets are described as having four “‘foliolis’”’ the figure actually shows 
5 to 9 glumes. Hooker f. (Fl. Brit. Ind. 7: 329. 1897) and in Trimen (FI. 
Ceyl. 5: 300. 1900) reduced Rheede’s illustration Hort. Malabar. 12: pi. 
45, to Diplachne fusca Beauv. and I accept this as correct, yet in so doing 
it involves the new combination made above. 

As noted above, Stapf proposed the new generic name Hemigymnia in 
1920 to include Panicum multinode Presl=P. nodosum Kunth, and P. 
arnottianum Nees. On the basis that this name was invalidated by the ear- 
lier Hemigymnia Griff., Dandy proposed the new name Oftochloa in 1931. 
If a distinct genus be represented, Dandy’s name should be accepted. The 
difference between Ottochloa (Hemigymnia) and Panicum are so slight 
that I see little reason for maintaining this small group as generally dis- 
tinct and accordingly here consider the species under Panicum in my 
present discussion of certain nomenclatural problems involved. 

Stapf, followed by E. G. and A. Camus, recognized Hemigymnia multi- 
nodis Stapf and H. arnottiana Stapf as representing distinct species. When 
I erroneously accepted the Linnaean name under Panicum malabaricum, 
I referred to it the large form with ample panicles, retaining Panicum 
nodosum Kunth, the common Philippine plant with rather small panicles, 
as a distinct species. The two species, Panicum “malabaricum” and P. 
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nodosum, were recognized in my Enum. Philip. Fl. Pl. 1: 65. 1923. I do 
not detect any sufficiently well marked constant differences between the 
typical Indian Panicum arnottianum Nees and the Philippine Panicum 
nodosum Kunth, as there seem to be all intergrades between the large- 
and small-panicled forms. The differences indicated by E. G. and A. 
Camus between Hemigymnia arnottiana Stapf and H. multinodis Stapf 
are wholly differences in size of the panicles and slight differences in the 
disposition of the spikelets, but these do not appear to me to be constant; 
there seem to be no differences in the size and details of the spikelets. 
Backer recognizes but a single species as occurring in Java, and I am of the 
opinion that he is correct. The differences in the size of the plants and of 
their panicles seem to be largely due to differences in habitat. The syn- 
onymy as I understand it is as follows: 
Panicum nodosum Kunth Enum. 1: 97. 1833 (based on Panicum multinode Presl); 
Hook. f. Fl. Brit. Ind. 7: 43. 1897. 
Panicum multinode Pres] Rel. Haenk. 1: 303., 1828, non Lam. 
Panicum violaceum Llanos Fragm. PI. Filip. 42. 1851. 
Panicum arnottianum Nees in Steud. Pl. Glum. 1: 59. 1854. 
Panicum ouonbiense Balansa in Jour. de Bot. 4: 142. 1890. 
Hemigymnia multinodis Stapf in Prain Fl. Trop. Afr. 9: 742. 1920; E. G. & A. 
Camus in Lecomte Fl. Gén. Indo-Chine 7: 454. 1922. 
Hemigymnia arnottiana Stapf 1. c., E. G. & A. Camus op. cit. 455. 
Panicum malabaricum Merr. in Philip. Jour. Sci. Bot. 4: 248. 1909; Backer Handb. 
Fl. Java 2: 159. 1928, non Poa malabarica Linn. 


This species is widely distributed in tropical Africa, tropical Asia, 
Malaysia and the Philippines. 

The form occurring in Kwangtung Province, China, and in Indo-China, 
is considered by Henrard to represent a species distinct from both Panicum 
nodosum Kunth and P. arnottianum Nees. It has somewhat smaller spike- 
lets than these, which I consider to represent a single species, usually 
about 2 mm. long, but apparently varying from 1.5 mm. to 2.5 mm. in 
length. In Panicum nodosum Kunth (P. arnottianum Nees) they are 3 mm. 
long. The chief spikelet differences appear to be in the size, as the glume 
characters seem to be rather remarkably uniform. I do not recognize 
Ottochloa (Hemigymnia) as generically distinct from Panicum, and, under 
the circumstances, prefer to retain Balansa’s varietal name, rather than 
to propose a new binomial for the southeastern Asiatic form. Panicum 
nodosum Kunth var. micranthum Balansa is the form that is represented in 
the Linnaean herbarium by an Osbeck specimen from the vicinity of 
Canton named by Linnaeus Poa malabarica. The application of this 
specific name is discussed under Diplachne malabarica (Linn.) Merr. The 
synonymy of this small-spikeleted form is as follows: 
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Panicum nodosum Kunth var. micranthum Balansa in Jour. de Bot. 4: 142. 1890. 
Poa malabarica herb. Linn., non Poa malabarica Linn. Sp. Pl. 69. 1753. 
Hemigymnia arnottiana Stapf var. micrantha A. Camus in Lecomte Fl. Gén. 

Indo-Chine 7: 455. 1922. 


Hemigymnia malabarica Henrard in Meded. Rijks Herb. Leiden 61: 12. 1930, non 
Poa malabarica Linn. 


Ottochloa malabarica Dandy in Jour. Bot. 69: 54. 1931, non Poa malabarica Linn. 
Panicum nodosum Hitchc. in Lingnan Sci. Jour. 7: 219. 1931, non Kunth. 


A form only known from Kwangtung Province, China, and Indo-China. 

Hooker f. (Fl. Brit. Ind. 7: 332. 1897) cites as a synonym of. Cento- 
theca lappacea Desv. ‘‘P{oa| malabarica, Linn. Sp. Pl. 69; Burm. Fl. Ind. 
27, t. 11, f. 2,” on the basis of which I erroneously transferred the above 
specific name to Centotheca as C. malabarica (Linn.) Merr. in 1906. Hooker’s 
error was in the citation of the Linnaean reference, as Poa malabarica 
Linn. Sp. Pl. 69. 1753 has nothing to do with Centotheca, but Poa mala- 
barica Burm. f. Fl. Ind. 27. pl. 11, f. 2. 1768, is clearly the same as Cento- 
theca lappacea (Linn.) Desv. =C. latifolia (Osbeck) Trin. As the Linnaean 
binomial Poa malabarica has thus been erroneously associated with Cento- 
theca it is briefly discussed here. No attempt has been made to compile the 
very numerous synonyms, of which Hooker f. cites no less than 22. Those 
given below are chiefly those necessary to explain the acceptance of the 
specific name /atifolia, with several additions to Hooker’s list. There are 
probably over 30 synonyms for this very common, characteristic, and 
widely distributed species. 
Centotheca latifolia (Osbeck) Trin. Fund. Agrost. 141. 1820. 

Holcus latifolius Osbeck Dagbok Ostind. Resa 247. 1757; Linn. Syst. ed. 10, 1305. 

1759. 

Poa latifolia Forst. f. Prodr. 8. 1786. 

Poa malabarica Burm. f. Fl. Ind. 27. pl. 11, f. 2. 1768, non Linn. 

Cenchrus lappaceus Linn. Sp. Pl. ed. 2, 1488. 1763. 

Centotheca lappacea Desv. in Nuov. Bull. Soc. Philom. 2: 189. 1810. 

Melica philippinensis Llanos Frag. Pl. Filip. 44. 1851. 

Centotheca malabarica Merr. in Philip. Journ. Sci. Suppl. 1: 385. 1906; Koord. 


Exkursionsfl. Java 1: 159. 1911, non Poa malabarica Linn. 
Anthoxanthum pulcherrimum Lour. Fl. Cochinch. 29. 1790. 


It may be noted that Trinius in publishing the binomial Centotheca 
latifolia based it on Cenchrus lappaceus Linn.; ‘‘Centotheca latifolia 
(Cenchrus lappaceus L.),”’ but later (Mém. Acad. St. Petersb. Math. 
Phys. Nat. 1: 358. 1830) under Uniola lappacea Trin. = Centotheca lappacea 
Trin. =C. latifolia Trin., he cites Holcus latifolius Linn. as a synonym. 
Linnaeus in 1759 cites Osbeck’s references but does not credit the binomial 
to Osbeck, yet Osbeck’s binomial antedates Linnaeus’ use of it by two 
years. 








Sex and chromosomes in plants 


Crecit YAMPOLSKY 


(WITH 16 TEXT FIGURES) 


If an increasing number of corroborative evidences is a measure of the 
validity of an assumption, then the existence of the sex chromosome in 
plants is an established fact and the problem of sex determination is no 
longer a problem from the Mendelian standpoint; it has been solved. Sex 
determination in plants involves merely an extension of the concept that 
explains sex in animals. Lindsay (1930) lists forty-three angiosperm forms 
in which heterochromosomes have been found and that does not include 
the eight hepatics in which heterochromosomes are present. Since then 
more forms have been added to the list. 

Ever since Allen (1917) announced the presence of sex chromosomes in 
the hepatic Sphaerocarpos Donnellii, there has been a steady gain in the 
number of plants that are shown to have a correlation between sex ex- 
pression and a specific chromosome. On the other hand, negative evidence, 
both among angiosperms and hepatics where no obvious correlation exists 
between sex forms and a special chromosome, has accumulated. 

The cell concept held sway for three quarters of a century. In its 
time old values were brushed aside and new values established. Since the 
beginning of the twentieth century the supremacy of the cell in biologic 
thought has had a contender in the form of the newer genetics, Mendelism. 
Both the Galtonian and the Mendelian analyses of genetic phenomena are 
mathematical. They deal with populations and involve a statistical ap- 
proach towards biologic problems. Parents and children are compared 
numerically; all morphological and physiological attributes of the organ- 
ism are in reality conceived in terms of units and as numerical values even 
when the claim is made of a distinction between qualitative and quanti- 
tative characters. Hybrid and non-hybrid, heterozygous and homozygous! 
Sex has its explanation in the mating of a homozygous individual with a 
heterozygous individual. What clearer parallelism could have been con- 
ceived to account for the one to one ratio? Segregation of genes! A magic 
formula in which a series of complex phenomena find their simplification. 

In recent years we have witnessed an alliance between a discipline 
like Mendelism with its mathematical ideology, a discipline where the 
unit one is not an individual but a number, and a discipline such as cytology 
which deals with actual individuals and more specifically with the ulti- 
mate units of the organism, the cells. From this alliance hybrid offspring 
have arisen, not with blended inheritance, but with conflicting develop- 
mental tendencies. At the present moment cytology accepts all the pro- 
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nouncements of the geneticist. When the mathematician-biologist gets 
into difficulties with his calculations the cytologist extricates him by direct- 
ing his attention to the multiplicity of possible structural elements in the 
nucleus, viz. maternal and paternal chromosomes, serial arrangement of 
genes, chromatin granules in pairs, parasynapsis, chiasmatypy, four-strand 
crossing- over, non-disjunction, fragmentation of chromosomes, polyploids, 
diploids, triploids, tetraploids, and not to forget sex chromosomes or hetero- 
chromosomes, and bids him take his choice. Explanations come from one 
part of the cell—the nucleus, and particularly froma special part of the 
nucleus, the chromosome. What does a philosopher think of such a mar- 
riage of convenience between genetics and cytology? Truly an eclectic 
approach to the solution of the problem of life! The geneticist thinks in 
terms of summations and subtractions and arrives at his conclusions 
through the manipulation of irreducible non-visible entities, genes, and 
the cytologist, abandoning the building stone, the cell with its self- 
perpetuating organization, is led to interpret with greater and greater 
freedom the very difficult data as to the mating of colloidal germ plasms 
in terms of the additions and subtractions of genetical experimentation. 
Alternative sex inheritance can be described in terms of heterochromo- 
somes providing opposite sexes are in question. In the plant kingdom, dio- 
ecism is wide-spread but it is not the preponderant condition. The large 
array of sex forms in the phanerogamic flora should make one pause be- 
fore postulating an all-embracing scheme to explain sex in plants. Her- 
maphrodite, dioecious, monoecious, andromonoecious, gynomonoecious, 
androdioecious, gynodioecious, polygamous, polyoecious, and combina- 
tions of the various groups give over forty sex categories in the flowering 
plants not including the quite independent but equally demonstrable 
data on compatibilities. If our knowledge of evolutionary trends were suf- 
ficiently sure to allow us to say with certainty that dioecism is a derived 
condition and is the most recent sex state, then we would be justified per- 
haps in correlating this separation of sexes with definite chromosomes inthe 
gamete cells. A survey of the distribution of the sexes (Yampolsky, 1922) 
fails to show that dioecism is the end goal of sex expression in the various 
families. Neither the monocots nor the dicots show orthodox leanings 
towards any one sex category. The currents of sex differentiation in the 
families of plants may run parallel; they may cross; they may run up- 
stream or down-stream. From the heights they look like a patchwork 
quilt of many hues and designs. Why should one sex form, dioecism, be 
correlated with the presence or absence of a particular chromosome? Is 
hermaphroditism less of a sex condition? What about monoecism and the 
other sex categories? Cytology has failed to yield evidence which would 
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tend to show a correlation between chromosome number, size, or form 
and phylogeny (Farmer and Digby, 1914). Why should dioecious plants 
have been singled out for such a correlation? Why should a quantitative 
difference in chromosomes effect morphological differences in males and 
females? Why should there not be a similar correlation in all forms of sex 
expressions? Why should some dioecious plants show no visible correla- 
tion? Certainly the change from a non-sexual sporophyte to one that 
produces eggs or sperms or both is sufficiently profound, since climax 
structures—flowers, are achieved. We have no such evidence. That changes 
in the germ plasm must have occurred no one can deny. We do not know 
how the modification in the protoplasm was brought about. 

The presence of sex chromosomes in hepatics is not comparable with 
the presence of such bodies in flowering plants. In Sphaerocarpos Donnellii, 
S. texanus, S. terrestris, Riella helicophylia, Pellia Fabbroniana, P. Neesiana, 
Moerckia hibernica, and in Makinoa crista, sex determination is associated 
with the reduction divisions. Sex is expressed when maternal and paternal 
hereditary complements separate. The union of sex chromosomes in the 
forms listed, results in a neutral sporophyte. That sporophyte contains x 
and y chromosomes and it exhibits no morphological expression correlated 
with those chromosomes. What becomes in this case of the concept that sex 
chromosomes operating in a common medium give rise to one or the other 
sex depending upon quantitative or qualitative equality or difference? 
If sex chromosomes have any significance in hepatics they suggest the 
fact that sex expresses itself at theend of acycle. In these forms it is when cells 
throw off the yoke of duality that we have the fullest manifestation of 
sex. Fertilization yokes the two gametes and robs them of their inde- 
pendence. 

The gametophyte expression in liverworts, in mosses, and in ferns is 
the expression of an independent haploid generation with but one set of 
chromosomes. On the assumption that sex chromosomes operate inde- 
pendently in such gametophytes there should be no possibility of sex 
reversal. In spite of Allen’s (1932) pronouncement about the strict uni- 
sexuality in certain species of Sphaerocarpos, that the plants arising from 
the spores from the beginning are predestined to be male or female and no 
change in conditions may induce intersexuality or sex reversal, the case for 
obligate maleness or femaleness is weakened by his own statement that 
the genus Marchantia includes also hermaphrodite species. 

Gertraud Haupt’s work (1933) on Marchaniia grisea has just appeared. 
It forms an important link in the chain of observations on the liverworts. 
This liverwort is androdioecious since only hermaphrodite and male 
plants exist. The male plant contains nine chromosomes, four paired ones 
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and one unpaired. The male sex organs of the hermaphrodite are borne on 
separate branches, so also are the female sex organs. Some branches con- 
tain both male and female elements. The cells of the hermaphrodite 
plant contain ten chromosomes. The female sex organs contain ten chromo- 
somes, one a very small one called the z chromosome. The male sex organs 
on the hermaphrodite plant contain nine chromosomes. In the formation 
of the male sex organs the z chromosome is lost. Fertilization gives to 
the sporophyte nine and nine and one (z) chromosomes, nineteen in all. 
The z chromosome is responsible for the female sex; the unpaired chromo- 
some is responsible for the male sex. In the sporophyte the two male 
chromosomes pair; the female sex chromosome alone remains unpaired. 

The literature on intersexuality in liverworts is meager but as few as 
the cases may be they point to a fluidity of sex expression. Taylor (1836) 
described an androgynous gametophyte in Dumortiera irrigua. Townsend 
(1899) found archegonia on the male thallus of Preissia commutata. Ernst 
(1907) found androgynous receptacles in Dumortiera velutina. Cutting 
(1910) found antheridia on the archegoniophore of Marchantia poly- 
morpha. Limprecht (1890) found intersexual stages in Jungermannia 
Kaureni and Cephalozia Gottschei. 

In the dioecious mosses, in dioecious fern prothallia, and in hetero- 
sporous ferns mixed sexuality occurs (Yampolsky, 1919). Whatever the 
determining factors that produced gametophytes of one sex may have been, 
they are not absolute in their effects because transitions from one to the 
other sex have been observed. 

Sphaerocarpos Donnellii (Allen, 1919) and Riccia Curtisii (MacAlister, 
1928) show an interesting parallelism since the spores are held in tetrads 
and since also upon germination of those spores there appears to be an 
equal distribution of males and females. This would indicate a similarity 
in the mechanism of sex determination. A cytological examination of 
Riccia shows no such similarity. 

Contrasting the hepatics with sex chromosomes reported with those in 
which no sex chromosomes have been observed we may well ask ourselves 
what the significance of the sex chromosome is. We cannot deny its pres- 
ence but its absence does not suppress sex. In Riccia, in Marchantia, in 
Conocephalum, in Riccardia, in Blasia, in Diplophyllum, in Scapania, sex 
expression is as patent and as evident as in Sphaerocarpos, in Riella, in 
Pellia, in Moerckia and in Makinoa. There is no direct evidence that x 
and y chromosomes in hepatics control sex. If the x and y chromosomes have 
any significance in hepatics it is an indirect one; they are found to ac- 
company sex but apparently not to control sex determination. 

In approaching the problem of sex chromosomes in flowering plants it 








1933] YAMPOLSKY: SEX AND CHROMOSOMES 643 


is with the realization that the task is a difficult one. It was a foregone con- 
clusion that when genetical data and chromosomes became interrelated 
in the minds of investigators, sex would find its explanation in chromosomal 
structure too. That such is the case is an accepted fact. The Mendelian con- 
cept of sex demonstrated in animals and accepted by students of sex in 
plants received its final support in the discovery of sex chromosomes in 
plants. And curiously enough its discovery in the liverworts complicated 
rather than clarified the situation. In the liverworts sex is determined at 
the reduction division; the plants resulting from the haploid spores do 
not have their counterpart in the animal kingdom. The gametes of the 
animal, egg and sperm, contain the sex chromosomes but those gametes are 
quite limited in their capacity for development; they have not the power 
of self-propagation; they die unless they mate. From such a mating in- 
dividuals arise male and female; sex is determined at fertilization. Sex is 
determined when duality is established. In the liverworts and their like 
sex appears when duality is broken down. A comparable situation? Not 
at all! The explanation that holds for sex in the liverworts does not hold 
for sex in animals nor for sex in flowering plants. Sex in flowering plants it 
is claimed, is established at fertilization just as it is in animals and by the 
same kind of mechanism. A curious paradox! In the case of the liverworts, 
mosses and ferns, sex is established at reduction division. In the dioecious 
flowering plants the reduction division dissolves the sexual state. In liver- 
worts fertilization results in a non-sexual sporophyte, and x and y chromo- 
somes do not influence morphological expression. In flowering plants fer- 
tilization results in a sexual sporophyte and x and y chromosomes do in- 
fluence morphological expression. There is no correlation between sex de- 
termination in flowering plants and sex determination in the liverworts. 
If sex chromosomes in dioecious flowering plants are determiners of sex 
the explanation must be sought in the parallel phenomenon in animals. 

To deny the existence of bodies in the cell that behave differently from 
the mass of chromosomes would be not to believe what the eye sees. Such 
bodies are demonstrable and their behavior can be traced as much as 
behavior stages in coagulated protoplasm can be traced. Knowing the 
nature of the sex to be investigated and finding structures in the sex cells 
that lend support to digamety, it takes no subtle reasoning to correlate the 
two. The reasoning is as follows: paternal and maternal chromosomes pair, 
equal with equal, male chromosome with female chromosome. If male and 
female chromosomes differ in one or more respects, either from one another 
or from the autosomes, that difference will stand out when the two pair 
prior to reduction division. 

Such cytological evidence would be unassailable if somewhat analogous 
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phenomena were not observed in hermaphrodite plants that undergo what 
is commonly called abnormal meiosis—whether the abnormality is due 
to physiological disturbances other than hybridity, or is due to disturbances 
in hybrids as a result of various incompatibilities. I have examined a 
large number of such cytological figures and it would have been easy to 
make out a case for gametic heterozygosity in many of them. I have before 
me the work of Sinoto (1929) in which he describes sex chromosomes. 
From the point of view of the classical cytologist, the inadequacy and 
the crudeness of the figures accompanying the observations would weaken 
the author’s evidence. Yet it is accepted and quoted. 

All the evidence to support sex and sex chromosomes is circumstantial. 
Is that not also true for the evidence that links cell form and function with 
chromosomes? Have not the defenders of the sanctity of the sex chromo- 
somes begun to feel the need of accessory hypotheses? The reason is that 
the conception of sex as an alternative inheritance is untenable. Inter- 
sexualism is no longer the game of the teratologist. It is a widespread con- 
dition. The intersexual forms bridge the gap between male and female. But 
where are the bridging chromosomes between x and y ? 

It is an obvious fallacy to predicate that a part is greater than the 
whole. Yet in practice, cytology has subscribed to that principle. And the 
greatest supporters of that fallacy have been those who have read into the 
chromosomes all the characteristics of the adult individual. At best cyto- 
logical evidence is circumstantial. The technique that the student of the 
cell has evolved yields him clues from which he may reconstruct physio- 
logical processes. The very stages in mitotic division of which we have but 
an incomplete knowledge are but the parts of a chain visible to the eye. 
We then reconstruct in our mind the steps that cannot be seen. When a 
cell is activated towards division we cannot visualize the urge. Yet that 
‘urge’ makes itself felt in all parts of the cell; in the cell wall, in the cyto- 
plasm, and in the nucleus. Our attention has been focused upon the ac- 
tivities of a part of the nucleus and the dramatic qualities of the per- 
formers have made us forget the silent forces that pull the strings that make 
the actors act. The pattern of nuclear and cell division is universal, the 
discrete bodies, chromosomes, move through space, now they are to- 
gether, now they are separated perhaps to continue their activities. The 
chromosomes, visible to the eye, have caught the fancy of the world; the 
actors make the pliy. 

The sex chromosome has been singled out for an especially important 
réle and to it are attributed far-reaching properties. If we take sucha 
chromosome and place it side by side with the morphological and physio- 
logical characteristics bound up with a particular sex, sex-linked, we say, 
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we find strange contrasts. The sex-chromosome may be directly responsible 
for the primary and secondary sex expressions. I have examined the 
chromosomes in the male plant of Mercurialis annua (Yampolsky, 1925) 
and I have followed some of the steps from the undifferentiated pollen 
mother cells to the tetrads where the final distribution of chromosomal 
material has been achieved. And from those observations I was unable to 
single out a chromosome which seemed to bear the burden of sex deter- 
mination. I found no correlation between one chromosome and the dis- 
tinguishing characteristics of the male plant. Granting for the moment 
that one of the eight chromosomes is a sex chromosome and granting also 
for the moment that the male plant possesses secondary sex characters, 
we can diagram the relationship between the sex chromosomes and the 
visible secondary sex characters thus: 


(inflorescence—spike 
color of plant—light green 
| leaves—longer than in female 
| petiole—longer than in female 
| internodes—longer than in female 
(angle of branching—45°—a lesser angle than in female 
| branches—less ramified than in female 
growth—less vigorous than female 


Boag calyx 
individual flower y 
stamens 


Sex chromosome 
reponsible for: 


fanther, pollen grains 


\ filament 
\ 


What holds true for the male determining chromosome must equally 
hold true for the sex chromosome and secondary sex characters in the 
female, thus: 

(inflorescence—sessile 

|color of plant—dark green 
leaves—shorter than in male 
petiole—shorter than in male 
internodes—shorter than in male 
angle of branching—90°—greater than in male 
Sex chromosomes in the branches—more ramified than in male 

female responsible for: | growth—more vigorous than in male 
calyx 
ovary 
ovule 
stigma 
style 
embryo sac 


individual flowers { 








The other characteristics of the plant, male or female, owe their ex- 
pression to the so-called autosomes. The absence of a definite correlation 
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between any one chromosome and morphological expression became ap- 
parent from a study of the characters that are sex limited. The evidence 
gathered (Yampolsky, 1930) shows that all the characteristics of one sex 
may have their counterpart in the plant of the opposite sex; that leaf, 
petiole, internodes, angle of branching, vigor of growth, etc., do not be- 
have as units but show a great range of variability grading from one ex- 
treme into the other. Sex intergradation in Mercurialis annua is wide- 
spread without attendant sterility. We have then the curious condition of 
one side of an equation which is constant being equal to the other side 
which is variable. The equation in which a sex chromosome in the male 
gamete is responsible for, or is equal to, primary and secondary sex char- 
acteristics is no longer an equation when the variability of one side is not 
counterbalanced by an equal variability in the sex chromosome. But, 
those who describe sex chromosomes recognize them because of their 
constancy and do not claim variability for them. Variability in sex ex- 
pression previously considered sex-linked has now been explained in terms 
of autosomal influences. 

The fact nevertheless remains that sex in dioecious plants is explained 
on the assumption that one of the parents is heterozygous for sex and con- 
sequently, there are either two kinds of sperms or two kinds of eggs. That 
has been the explanation which has gained almost universal acceptance. 
And the proof? Cytological evidence of gamete dimorphism and experi- 
mental evidence of the more or less one to one ratio of males and females. 
It seems like a logical and unassailable explanation. 

Mercurialis annua is unique among experimental plants inasmuch as 
it can be used to test out the validity of the assumption that one or the 
other of the sexes is heterozygous for sex. Isolated male plants produce 
seeds and such seed when germinated gives rise to male plants only. The 
importance of that phenomenon cannot be overemphasized since the male 
plant without the intervention of the female plant registers its genetic con- 
stitution. How does it do it? It produces its own embryo sac with an egg 
apparatus. It produces pollen grains. Pollination takes place followed by 
fertilization and embryo formation. If males are heterozygous then two 
kinds of pollen grains should be produced and therefore two kinds of off- 
spring male and female. But all the offspring of all the males that pro- 
duce seed are male (Yampolsky, 1919). 

Isolated female plants produce seed and such seed when germinated 
give rise to female plants only. The female plant without the intervention 
of the male plant registers its genetic constitution. How does it do it? It 
produces its own pollen grains with their generative cells. Pollination takes 
place followed by fertilization and embryo formation. If females are hetero- 
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zygous then two kinds of offspring should be produced, male and female. 
But all the offspring of all the females that produce seed are females (Yam- 
polsky, 1919). 

The pollination of female plants by male plants results in seed that 
produce male and female offspring. Cytologic and genetic evidence ob- 
tained from Mercurialis annua does not lend any support to the conception 
of gametic dimorphism. Are we to regard that plant as a non-conformist 
and therefore outside the pale of consideration? On the contrary, its possi- 
bilities should be exploited to the fullest extent. If selfed males and fe- 
males can be obtained in Rumex, in Lychnis, in Humulus, in Elodea and 
the other plant forms for which it is claimed that sex-chromosomes are 
present, they should be tested out. 

Until a direct relationship can be established between chromosomes 
and form and function we are not justified in ascribing particulate in- 
heritance to the chromosomes. In spite of our advances in the study we 
cannot say with any degree of finality that chromosomes bring about 
definite morphological expressions. Why is it not just as tenable to say 
that chromosome form and number constancy are expressions of the cell’s 
activity. The cytogeneticist forgets that between the initiation of the steps 
that result in a two-celled embryo and all the countless divisions that 
result in a highly complex plant other forces have intervened. He forgets 
that differentiation may also be a matter of spatial distribution of cells. 
A dividing cambium cell does not predetermine which of its two daughter 
cells is to be xylem, which is to be phloem. Position alone appears to de- 
termine that. In the mature individual cell adjustment, tissue adjustment, 
and organ adjustment, take place. Cells and organs undergo environmental 
changes. Two cells isolated are environmentally different from two cells 
exerting pressure upon one another. Many cells in contact are in an even 
more modified environment. 

To look at a gamete cell with its chromosome complement—a cell that 
has been fixed and stained, all of whose parts have been congealed into 
inaction and to read therefrom the profound processes of development is a 
too great simplification of a yet only partly solved problem. We persist in 
saying that a part is greater than the whole. 

The polygamous plants of Mercurialis annua bridge the gap between 
males and females. These intersexual forms show a graded series between 
males and females. I have pointed out (Yampolsky, 1930) that intersexual- 
ism expresses itself in any part of the plant and in varying degrees. Aside 
from the appearance simultaneously of male, female, and hermaphrodite 
flowers, polygamous forms may also produce modified male inflorescences. 
This study concerns itself with the cytology of male flowers on poly- 
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gamous forms. Lest there be any doubt as to the nature of the sex of the 
plants examined it must be emphasized that all polygamous forms start 
out as females and produce female flowers exclusively over a period of 





Figs. 1-16. See text for explanation. 


months. In the forms under observation not a single male or hermaphrodite 
flower was produced from May until July. After that sporadic male and 
hermaphrodite flowers appeared and as the plants grew in vegetative 
vigor, the increase in the numbers of males and hermaphrodites was ac- 
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celerated. Male branches and individual male flowers were fixed in Flem- 
mings medium solution and stained with safranin and gentian-violet and 
orange G. At the same time male branches from male plants were also 
fixed and stained. For comparative material the prepared slides used for 
the study of male flowers (Yampolsky, 1925) were also examined. 

All the conventional maturation stages that were observed in purely 
male material were found in the male flowers taken from the polygamous 
forms. During synapsis the pollen mother cells with their polygonal out- 
lines show a very densely staining cytoplasm. The nuclear material is ag- 
gregated to one side—nucleolus and chromatin material are in a close snarl. 
The red stain of the nucleolus differentiates it from the massed chromatin. 
The pollen mother cell nuclei with the material heaped up on the pe- 
riphery of the nuclear membrane, showed a definite orientation and raised 
the question whether that stage has its counterpart in the uninjured living 
cell. We forget that living matter fixed, is no longer living matter. Congealed 
water forms definite patterns from which we can deduce certain physical 
principles which do not necessarily hold for water in the liquid state. 
Protoplasm, a labile substance, subjected to the congealing properties of 
the fixing fluid, gives us a picture of dead irreversible protoplasm. Text 
figure 1 illustrates the degree of chromatic aggregation in the pollen mother 
cells. The massed material originates from the pro-chromosomes which in 
Mercurialis annua are arranged on the periphery of the nuclear membrane 
(fig. 2). In figure 3 several of the pro-chromosomes can be distinguished 
while others have passed into an amorphous state. 

When the pollen mother cells have separated from one another and 
have rounded up, the chromatic material is no longer clumped but ap- 
pears in the form of loops or threads. Mercurialis annua yields no good 
evidence either for parasynapsis or telosynapsis. As a matter of fact the 
significance of those stages, if they have any significance, is obscure. The 
conspicuous change is in the rounding up of the cell as a whole (fig. 4). 
Whatever physiological processes go on in the anther they bring about a 
separation of cells. 

The preparations for reduction division in an already delimited sporo- 
phyll indicate a sexual segregation, physiological and morphological, long 
before the actual reductive stages. The steps leading towards the final di- 
vision of the spore mother cell must be conceived as the fundamental ones 
in the long chain of sex expression that results in the production of gametes. 
If we could penetrate into the meaning of sexuality we could better under- 
stand the phenomenon known as meiosis. The newest meaning of sex, 
fresh from the pen of Darlington (1932) is nothing more than an amplifica- 
tion of Darwin’s idea that hybridization increases variability. Darlington 
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is firmly convinced that pairing of chromosomes, maternal and paternal, 
occurs at meiosis and subsequent splitting results in a four strand chiasma. 
Under such conditions interchange of chromosomal segments can take 
place and does take place. Sexuality has no virtue save that it offers an 
opportunity for gene interchange, a crossing over, that results in variability. 
Meiosis has a justification; it encourages hybridity. Darlington, in common 
with many others, assumes that interchange of chromatic material takes 
place in the nucleus at meiosis only. The direct evidence for chiasmata, in 
spite of Jannsen’s newest work (1924), is not convincing. Yet its theoretic 
value for genetic interpretations has been used with unusual effect in ex- 
plaining genetic phenomena. If we admit the compact knot in synap- 
sis then we must admit that whatever individuality chromosomes have 
had before entering a fusion stage, must have been lost in that stage. So 
intimate a mingling of nuclear material, must from the nature of the 
physical state of protoplasm, result in an exchange of material, not that 
exchange would necessarily mean a realignment of genetic entities. It 
seems inadmissible to infer that chromosomes resolved into chromatin and 
linin in intimate juxtaposition in the so-called resting stage could separate 
wholly uncontaminated. The debate between Sax (1932) and Darlington 
(1931) on chiasmata, in view of our inadequate knowledge of that phe- 
nomenon becomes an academic question of what would happen if one set 
of premises were correct and the other wrong. 

The nucleolus during the meiotic stages becomes very conspicuous and 
even though it does not go through the complicated steps in division, its 
increase in size is an evidence that it is associated with active physiological 
processes. What these processes are I am not prepared to say. Because the 
nucleolus does not divide equationally is no indication that it is not con- 
cerned in the transmission of genetic properties. The extra nuclear nucle- 
oles scattered through the cytoplasm during heterotypic division become 
an important part of the picture, even though we may have failed to find a 
particular function for the fragments. We have been so greatly impressed 
by what appears as an equational division of the chromatic material, that 
the rest of the cell becomes subordinate in our minds. No matter how 
thoroughly we trace back the units of heredity, and we have become satis- 
fied that they have no accomplices, we can never get them to act alone. 
The chromosomes of the egg nucleus are in the cytoplasm of the embryo- 
sac from which they cannot escape. The sperm nuclei in the pollen tube are 
surrounded by the cytoplasm of the pollen grain. When they are dis- 
charged into the embryo-sac the cytoplasm is discharged with them. In 
hereditary transmission in the flowering plants, two cell complexes are 
concerned and whatever cytoplasmic properties the gamete cells have in 
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common with the adult from which they originate, they must be con- 
ceived as hereditary transmissions in as true a sense as are the ‘Anlagen’ 
which are presumed to reside in the chromosomes. A plastid from an egg 
of Fucus, an integral part of the female gamete, must be considered as evi- 
dence for the passing on of hereditary characteristics through the agency of 
the cytoplasm. Until we can definitely prove that the nucleolus which 
in Mercurialis exhibits marked increase in size during the maturation 
division in both the macro and microsporogenesis and beyond is useless, 
we must accept it as an integral part of genetic continuity. The specificity 
of protoplasm is, as we know, not limited to the nucleus. The study of blood 
relationships in animal forms must act as a reminder to us that other parts 
of the cell are concerned in determining whether the germ nuclei may be 
allowed to pair. Compatibilities and incompatibilities among flowering 
plants indicate to us that barriers may be let down or set up depending 
upon the specificities of the cytoplasm. 

In discussing the heterotypic division in the male plant of Mercurialis 
annua (Yampolsky, 1925) I stated that differences in chromosome shape 
and form occur but no chromosome behaves in a manner which would 
point it out as different from any other. I have never understood the reason- 
ing as to why a sex chromosome should behave differently from any other 
chromosome during division. Nor am I able to understand why a chromo- 
some that lags behind during the division stages is necessarily identified 
with sex tendencies. Unpaired chromosomes in crosses involving the mating 
of two forms differing in chromosome number show such aberrant be- 
havior and certainly no one would consider this behavior as having any- 
thing to do with sex. In Mercurialis annua the chromosomal variations do 
not warrant the assumption that chromosomal differences of distinct male 
and female quality are present. It is in the homeotypic division, that the 
variations in chromosome size and form appear most pronounced. Just as in 
the male, so too in the polygamous form, the homeotypic chromosomes in 
many of the polar views show two smaller chromosomes surrounded by 
six larger ones (figs. 5 and 6). That this is but a chance arrangement be- 
comes evident from the study of a large number of polar views. The po- 
sition of the chromosomes in relation to one another can have no signifi- 
cance since they are but transitory stages in a long process which results 
in the formation of the poilen grains. At this stage too the first outlines 
of what is to be the region of the nuclear membrane can be seen because 
of the difference between the density of the cytoplasm around the chromo- 
somes and the rest of the cytoplasm. 

The condition of pairing of chromosomes is most commonly met with 
in the diploid organism and particularly during the maturation phenomena. 
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In the haploid condition in Mercurialis annua pairing occurs, usually be- 
tween chromosomes of equal size. Figures 7, 8, 9, 10 male and polygamous 
plants, show such pairing. The observations are of interest because they 
do not involve any of the theoretical requirements as to pairing. The 
chromosomes do not maintain constancy in size nor in form. Without ac- 
tually measuring the chromosomes it can be seen that the total mass 
represented by a group of eight chromosomes may be equal to, may be less, 
may be greater than, that of a neighboring set of eight chromosomes. The 
chromosomes may be ovoid, spherical, or irregularly polygonal in outline, 
their edges may be rough or smooth. Figures 7 to 16 taken from male and 
polygamous plants show similarity in the life history of the two gametes. 
What has already been said for the nuclear figures of the male plant 
(Yampolsky, 1925) can be said for the nuclear figures in the male flowers on 
the polygamous plants. 

The quest for sex chromosomes has led to their discovery in unexpected 
places. The breeding experiments of Shull (1914) between the phenotypic 
hermaphrodite Lychnis and the dioecious female lead him to conclude 
that some of the hermaphrodites were really genetic males. Shull’s hy- 
pothesis finds a beautiful substantiation in Belar’s (1927) cytological in- 
vestigation of that form. Genetically and cytologically the hermaphrodite 
is not an hermaphrodite; it isa male with conspicuous x and y chromosomes 
present in both the male and female elements of the flowers. 

Miss Pastrana (1932) reports an unusual mode of sex determination in 
Begonia Schmidtiana. The sporophyte chromosome number in that form 
is thirteen—six paired chromosomes and one unpaired chromosome. The 
unpaired chromosome has to do with sex determination. The female flower 
of the monoecious plant has thirteen chromosomes; the male flower has 
twelve chromosomes. The unpaired chromosome fails to enter the stem 
initial from which the male flower develops. Consequently only one kind 
of pollen grain is produced—one with six chromosomes. In the reduction 
division that goes to form the megaspore, the unpaired chromosome goes 
undivided to one pole and the embryo sac arises from a nucleus with 
seven chromosomes. 

In Lychnis form and function do not necessarily agree. A phenotypic 
hermaphrodite with its hermaphrodite flowers having stamen and pistil, 
is a genotypic male. What is the significance of the external expression of 
that plant? Of no significance! Where does maleness reside? In the gametes! 
The gametes alone express the sex of the plant since the phenotypic ex- 
pression does not parallel the genotypic constitution of the plant. Male 
and female elements in the hermaphrodite flower mean nothing. The 
plants are only apparent hermaphrodites in reality they are males. One 
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may very well ask the question: ‘‘What determines the hermaphrodite 
expression?” 

I must recall Correns’ (1907) and Bateson’s (1909) classic examples of 
crosses between Bryonia dioica and the monoecious Bryonia alba which 
resulted in the production of male and female sterile hybrids, recognized by 
their external appearance, an instance where morphology not physiology is 
used for sex identification. From these results Correns concluded that male 
Bryonia dioica was heterozygous for sex and Bateson from the same results 
concluded that the female Bryonia dioica was heterozygous for sex. What 
is the significance of the outward expression of sex? Of great significance! 
Where do maleness and femaleness reside? In male and female expres- 
sions in the sporophyte. What about the gamete? There are no gametes, 
the plants are sterile. Male and female elements are expressed by sterile 
male and female flowers. If those plants could be made to express them- 
selves the male would be heterozygous—Correns; homozygous—Bateson; 
the female would be homozygous—Correns; heterozygous—Bateson. 
In appearance they are males and females; in reality they are non-entities, 
not even neuters. 

Miss Pastrana’s observations raise a number of questions. She her- 
self says that the loss of a chromosome immediately presupposes a somatic 
reduction division which is later followed by a true reduction division. The 
germination of the macrospore with seven chromosomes to form the 
embryo-sac implies a selective mortality. What forces determine which 
cells are to be sacrificed? Such an assumption embodies a sex determining 
force independent of the one that regulates the differentiation of embryo sac 
mother cell tissue from pollen mother cell tissue. The contentions of Miss 
Pastrana would have been strengthened if she had succeeded in showing 
the fate of the chromosome that failed to enter the stem initial from which 
the male flower developed. In connection with these observations I wish 
to call attention to Sandt’s (1921) work on Begonia tuberhybrida. He found 
pistillody present. An anther sac filled with pollen grains shows at its 
apex an embryo sac. If a male flower becomes so because of the loss of a 
chromosome how can it produce a structure with one chromosome more 
than it possesses? 

In Begonia Schmidtiana somatic reduction occurs and is later followed 
by the so-called true reduction division. This new evidence is entered in 
the ledger, on the credit side of sex chromosomes. Nevertheless a curious 
paradox does exist. In dioecious flowering plants sex is determined at fer- 
tilization; in dioecious flowering plants, x and x or x and y determine sex; in 
dioecious liverworts it is x or y that determines sex. In the monoecious 
Begonia female sex is determined when x and y unite; the male sex is de- 
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termined at the end of a cycle when the sporophyte loses a chromosome. 
In the monoecious (hermaphrodite) Marchantia femaleness is determined 
at reduction division in the formation of the spore and maleness is de- 
termined during the production of male sex organs when a chromosome is 
lost. How can we reconcile these divergent claims? As long as we shall 
ascribe to chromosomes the importance in heredity that we do, we shall see 
in chromosomal behavior all that we expect to see. 

It is my opinion that in our desire to explore the world for new discov- 
eries we often take painted scenery along so that when we come to barren 
wastes we can have the similitude of tropical scenery. We carry our cate- 
gories with us. Sex falls into certain categories. Categories are man made. 
To classify, to label, to place into definite compartments biologic units 
that apparently belong together, is decidedly a human trait. The terms 
male and female connote circumscribed biologic units, units that have 
very close resemblances as well as very striking differences. Impressed by 
the differences we fail to detect the very fine gradations that exist, grada- 
tions which may insensibly bridge the differences that are conspicuous 
to the eye. Nineteen years of observation on Mercurialis annua have con- 
vinced me that obligate males and obligate females are but the extremes of 
a variable series. The m-numbers of sex forms refuse to submit themselves 
to the concept that sex is an alternative kind of inheritance. Neither sex 
categories nor sex chromosomes hem in the variability of sex expression 
exhibited by Mercurialis annua. 
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Spathuliformae, a new section of Codonanthe 


LyMAN B. Smita 
(WITH FIGURES 1-6) 


In the process of studying some of Professor I. W. Bailey’s collections 
from British Guiana, I came upon a peculiar specimen of Gesneriaceae 
which he had tentatively labelled as Codonanthe. The anthers had the irreg- 
ular dehiscence and broad connective (fig. 3) which distinguish Codonanthe 
from the remainder of the family, but the filaments were fused into a 
broad ribbon attached to the ventral portion of the corolla-tube and the 
calyx consisted of but two lobes of very unequal size. Since all known 
species of Codonanthe had five-parted calyces and were supposed to have 
free filaments,! I at first supposed that Professor Bailey’s material consti- 
tuted a new genus. 

However, a careful dissection of material of Codonanthe cornuta, C. 
Hookerii and C. gracilis soon demonstrated that, contrary to expectation, 
the filaments were fused although quite inconspicuously in the case of C. 
Hookerii. Also I noted that C. cornuta closely resembled the material in 
question in all but the form of the calyx, which was intermediate between 
the two-lobed type and the equally five-lobed type of C. gracilis, the type 
species of the genus. In C. cornuta the calyx is deeply cleft on each side of 
the dorsal lobe and much less between the four ventral lobes. This is evi- 
dently what Miquel referred to when he described the calyx as “‘spathaceo- 
fissus.’’? The failure of the filament character and the transition shown be- 
tween the five-lobed and two-lobed calyces demonstrate that Professor 
Bailey’s material belongs in the genus Codonanthe, but at the same time it 
is obvious that the genus is composed of two distinct sections as follows: 


Eucodonanthe, calyce aequaliter 5-partito: corollae tubo amplo, basi 
postice gibbo: filamentis basi in vaginam brevem connatis. C. gracilis, species 
typica. 

Spathuliformae, sect. nov., calyce distincte inaequaliterque bipartito, 
parte ventrali majori, spathuliformi, plus minusve 4-partita vel integra: 
corollae tubo gracili, basi postice calcarato: filamentis basi in vaginam elon- 
gatam connatis. C. calcarata, species typica. 

Professor Bailey’s material is then a new species of the section Spathuli- 
formae and may be characterized as follows: 


Codonanthe bipartita, spec. nov., caule elongato, ramoso, glabro: foliis 
oppositis, subtenuibus, glabris, ad 8 cm. longis, late oblanceolatis, integris vel 


1 Fritsch in Engl. & Prantl, Nat. Pflanzenf. 4: Abt. 3 b: 171. 1894. 
2 Nematanthus calcaratus Miquel in Linnaea, 22: 473. 1849. 
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ad apicem versus grosse sinuoso-dentatis, 5 mm. petiolatis: floribus axillaribus, 
graciliter pedicellatis; calyce inaequaliter bipartito, parte dorsali anguste lan- 
ceolata, parte ventrali integra, oblonga, obtusa; corolla alba, sicca aurea, 
25-30 mm. longa, basi anguste tubulosa et calcarata, tum ampliata, infundi- 
buliformi-campanulata, limbo patenti, 5—lobo; staminum filamentis basi in 
vaginam elongatam connatis: fructu baccato, valde lateraliter compresso. 
Figures 1-6. 


BRITISH GUIANA: Kartabo region, 1920, J. W. Bailey 181 (type); 
same, J. W. Bailey 110. The following numbers appear to be conspecific: 
Waini River, Northwest District, lat. 8° 20’ N., long. 59° 40’ W., 1923, 





Figs. 1-6. 


CODONANTHE BIPARTITA L. B. Smith 


1. Branch X1. 2. Lateral view of flower <1. 3. Corolla cut dorsally and laid open 
<1. 4. Calyx and pistil, showing dorsal gland, X1. 5. Calyx and fruit x2. 6. Enlarged 
diagrammatic cross-section of fruit. 


De La Cruz 3735; upper Mazaruni River, long. about 60° 10’ W., 1922, 
De La Cruz 2294. 


Codonanthe bipartita is quite easily recognizable even in fruiting con- 
dition on account of its peculiar calyx. In addition the elongate seeds all 
lie parallel, as indicated in figure 6, and thus cause the soft fruit to assume 
a strong lateral compression. 
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Hitchcock, C. L. The identity of Lycium brevipes Benth. Leafl. 
West. Bot. 1: 57-58. 2 Au 1933. 

Hoehne, F. C. Observacées e quatro novas especies arborescen- 
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tes do incipientes Jardim Botanico do Estado de Sao Paulo. 
Ostenia. 287—304. pl. 1-8. Montevideo. 11 F 1933. 

Howell, J. T. Field notes on the Monzanitas of Santa Cruz 
Island. Leafl. West. Bot. 1: 63-64. 2 Au 1933. 

Howe, M. A. A blue-green alga of carbonated mineral water. 
Bull. Torrey Club 60: 465-468. pl. 24, 25. 2 O 1933. 
Hume, H. H. The distribution of Jris in Florida. Bull. Iris Soc. 

47: 12-19. illust. Ap 1933. 

Huskins, C. L. Mitosis and meiosis. Nature 132: 62-63. f. J. 
8 Jl 1933. 

Ikenberry, G. J. The mosses of North Dakota. Bryologist 35: 
74-82. pl. 6. JI-N 1932. 

Jenkins, A. E. Further studies of lima-bean scab. Phytopathol- 
ogy 23: 662-666. f. J. Au 1933. 

Jenkins, C. F. The historical background of Franklin’s tree. 
Pennsylvania Mag. Hist. & Biogr. 58: 193-208. dllust. Jl 
1933. 

Jepson, W. L. David Douglas in California. Madrono 2: 97- 
100. Jl 1933. 

Johansen, D. A. Preliminary report on the cytology of the 
mesembs. Jour. Cacturs & Succ. Soc. Am. 5: 408. Jl 1933. 

Johnson, D. S. Structure and development of Pilularia minuta. 
Durieu manuscript. Bot. Gaz. 95: 104-127. f. 1-44. 15 S 
1933. 

Joslyn, M. A., & Marsh, G. L. The réle of peroxidase in the 
deterioration of frozen fruits and vegetables. Science II. 
78: 174-175. 25 Au 1933. 

Karper, R. E. Inheritance of waxy endosperm in sorghum. Jour. 
Heredity 24: 257-262. f. 12. Je 1933. 

King, E. Chromosome behavior in a triploid 7radescantia. Jour. 
Heredity 24: 253-256. f. 11. Je 1933. 

Knudson, L. Non-symbiotic development of seedlings of Calluna 
vulgaris. New Phytol. 32: 115-127. pl. 6, 7. 21 Je 1933. 
Lamson, R. W., & Watry, A. Anemophilous plants of Selig- 
man, Arizona. Jour. Allergy St. Louis 4: 207-219. f. 1-14. 

Mr 1933. 

Lamson, R. W., & Watry, A. The importance of the Cheno- 
podiaceae in pollinosis: with special reference to Winslow 
and Holbrook, Arizona. Jour. Allergy St. Louis 4: 255-281. 
My 1933. 

Li, H. W. Heritable characters in maize. XLV. Nana. Jour. 
Heredity 24: 279-281. f. 5. J1 1933. 

Lindgren, R. M. Field observations of needle rusts of spruce in 
Minnesota. Phytopathology 23: 613-616. Jl 1933. 
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Looser, G. Excursion botanica a la Alta Cordillera de las Con- 
des. Ostenia. 217-246. pi. 1, 2. Montevideo. 11 F 1933. 
Looser, G. Sobre las Ciatedceas chilenas y en especial sobre 
Lophosoria quadripinnata. Ostenia. 141-151. pl. 1+f. 1-4. 

Montevideo. 11 F 1933. 

McClintock, J. A. New rusts of red cedar and their relation to 
apple culture in Tennessee. Jour. Tennessee Acad. Sci. 7: 
37-40. f. 1-3. Ja 1932. 

McCool, M. M. Effect of thallium sulphate on the growth of 
several plants and on nitrification in soils. Contr. Boyce 
Thompson Inst. 5: 289-296. f. 1-4. JI-S 1933. 

McKay, M. B., & Warner, M. F. Historical sketch of tulip 
mosaic or breaking. The oldest known plant virus disease. 
Nat. Hort. Mag. 12: 179-216. f. 1-4. Jl 1933. 

¢ McLaughlin, W. T. Atlantic Coastal Plain plants in the sand 
barrens of northwestern Wisconsin. Ecol. Monogr. 2: 335-— 
383. f. 1-31. Jl 1932. 

Magruder, R., & Myers, C. H. The inheritance of some plant 
colors in cabbage. Jour. Agr. Res. 47: 233-248. 15 Au 1933. 

Mattfeld, J. Zur Kenntnis einiger Senecio-Gruppen des Osten- 
schen Herbars aus Uruguay. Ostenia. 315-326. pl. I-3. 
Montevideo. 11 F 1933. 

Merrill, E. D. Loureiro and his botanical work. Proc. Am. 
Philos. Soc. 72: 229-239. 1933. 

Merrill, E. D. On the desirability of an actual examination of 
extant types of Chinese species. Sinensia 3: 53-62. Au 1932. 

Metcalf, F. P. Bredia, Barthea and Blastus (Melastomaceae) 
Lignan Sci. Jour. 12: (Suppl.) 153-156. 22 My 1933. 

Moore, C. E. The herbaceous plants and vines of the region 
about Walnut Log. Jour. Tennessee Acad. Sci. 8: 43-47. 
f. 13. Ja 1933. 

Moxley, E. A. The moss flora of north Grey County and part 
of the Bruce Peninsula. Bryologist 35: 61-70. JI-N 1932. 

Muniez, A. A. Un Arbol frutal sudamericano. Ostenia. 185-186. 
Montevideo. 11 F 1933. 

Neal, D. C., Wester, R. E., & Gunn, K. C. Fusion of large-cell 
hyphae of the cotton-root-rot fungus. Phytopathology 23: 
676-677. f. 1. Au 1933. 

Neal, D. C., Wester, R. E., & Gunn, K. C. Growth of cotton 
root-rot fungus in synthetic media, and the toxic effect of 
ammonia on the fungus. Jour. Agr. Res. 47: 107-118. 
f. 1-6. 15 J1 1933. 

Niedenzu, F. Malpighiaceae novae. Repert. Spec. Nov. 33: 
69-72. 20 Jl 1933. 
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Niedenzu, F. Malpighiaceae von Uruguay. Ostenia. 255-258. 
Montevideo. 11 F 1933. 

Nightingale, G. T. Effects of temperature on metabolism in 
tomato. Bot. Gaz. 95: 35-58. f. 1, 2. 15 S 1933. 

Noé, A. C. Ferns, fossils and fuel. 1-128. illust. Chicago. T. S. 
Rockwell Co. 1931. 

Norton, A. H. Notes on Triglochin palustris and Montia lam- 
prosperma in Maine. Rhodora 35: 291-292. Au 1933. 
Okamura, K. On the algae from Alaska collected by Koba- 

yashi. Rec. Oceanogr. Works Japan 5: 85—97. pl. 1, 2. 1933. 

Paxton, G. E. Consistent mutation of Helminthosporium 
sativum on a no-nitrogen medium. Phytopathology 23: 
617-619. f. 1. J1 1933. 

Pilger, R. & others. Neue Arten aus dem tropischen Amerika. 
Notizbl. Bot. Gart. Berlin 11: 777-789. 31 Mr 1933. 
Pitman, H. Cladonias collected in Maine, U. S. A. Bryologist 

35: 72-73. JI-N 1932. 

Plitt, C. C. Two new species of lichens. Bryologist 35: 82-83. 
JI-N 1932. 

Podpera, J., & Suza, J. Ad Bryophytorum et lichenum cogni- 
tionem peninsulae Labrador additamentum. Bryologist 35: 
54-57. JI-N 1932. 

Porsild, M. P. Alien plants and apophytes of Greenland. 
Meddel. Grgnland 92: 1-85. pl. J, 2. 1932. 

Powers, L., & Hines, L. Inheritance of resistance to stem rust 
and barbing of awns in barley crosses. Jour. Agr. Res. 46: 
1121-1129. f. 1, 2. 15 Je 1933. 

Priode, C. N. Cuban streak. Phytopathology 23: 674-676. f. 1. 
Au 1933. 

Priode, C. N. Two hosts of the pokkah-bong disease other than 
sugarcane. Phytopathology 23: 672-674. f. 1. Au 1933. 
Reddick, D. A potato disease. Phytopathology 23: 622-625. Jl 

1933. 

Robinson, B. L. Taxonomic notes on several South American 
Eupatoriums. Ostenia. 349-362. Montevideo. 11 F 1933. 

Rogers, D. P. Some noteworthy fungi from Iowa. Univ. lowa 
Stud. Nat. Hist. 15: 9-29. pl. 1-3. [Au] 1933. 

Rogers, D. P. Taxonomic notes on the Tulasnellaceae. Univ. 
Iowa Stud. Nat. Hist. 15: 31-32. [Au] 1933. 

Rybin, V. A. Cytological investigation of the South American 
cultivated and wild potatoes, and its significance for plant 
breeding. Bull. Appl. Bot. Lenin Acad. Agr. Sci. U.S.S.R. 
2: 1-100. pl. 1-30. 1933. 
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Sainsbury, G. O. K. Hybridism in mosses. Bryologist 35: 58-61. 
JI-N 1932. 

Samuel, G., Bald, J. G., & Eardley, C. M. ‘“‘Big bud”’ a virus 
disease of the tomato. Phytopathology 23: 641-653. f. 1-5. 
Au 1933. 

Sax, K. The cytological mechanism for crossing over. Proc. 6th 
Internat. Congr. Genetics 1: 256-273. f. 1, 2. 1933. 

Sax, K., & Edmonds, H. W. Development of the male gameto- 
phyte in Tradescantia. Bot. Gaz. 95: 156-163. pl. 4.15 S 
1933. 

Schaffner, J. H. Additions to the revised catalog of Ohio vascu- 
lar plants. I. Ohio Jour. Sci. 33: 288-294. 16 Au 1933. 
Schuh, R. E. Dumontia in Maine. Rhodora 35: 315-316. S 1933. 
Schuh, R. E. A second station for Isthmoplea in North America. 

Rhodora 35: 293. Au 1933. 

Schulz, O. E. Zwei neue Erythroxylum-Arten aus Amerika. 
Notizbl. Bot. Gart. Berlin 11: 722-723. 31 Mr 1933. 
Seckt, H. Sobre fenédmenos de movimientos activos en algas del 
agua dulce. Ostenia. 259-286. pl. 1-4. Montevideo. 11 F 

1933. 

Shamel, A. D., & others. Bud variation in the Agen prune. Jour. 
Heredity 24: 289-292. f. &. Jl 1933. 

Sherff, E. E. New or otherwise noteworthy Compositae. VIII. 
Bot. Gaz. 94: 589-597. 15 Mr 1933; IX. Bot. Gaz. 95: 
78-103. 15 S 1933. 

Shimek, B. Quercus macrocarpa var. depressa (Nutt.) Engelm. 
Rhodora 35: 295-297. S 1933. 

Siggins, H. W. Distribution and rate of fall of conifer seeds. 
Jour. Agr. Res. 47: 119-128. f. 1-3. 15 Jl 1933. 

Small, J. K. Bromeliads and pinetrees. Jour. N. Y. Bot. Gard. 
34: 165-170. f. 1-3. Au 1933. 

Small, J. K. Semi-aquatic cacti. Jour. N. Y. Bot. Gard. 34: 
199-203. f. 1, 2. S 1933. 

Smith, W. K. Inheritance of reaction of wheat to physiologic 
forms of Tilletia levis and T. Tritict. Jour. Agr. Res. 47: 
89-105. f. 1, 2. 15 Jl 1933. 

Snyder, W. C. Variability in the pea-wilt organism, Fusarium 
orthoceras var. pist. Jour. Agr. Res. 47: 65-88. f. 1-8. 15 Jl 
1933. 

Stadler, L. J. On the genetic nature of induced mutations in 
plants. Proc. 6th Internat. Congr. Genetics 1: 274-294. 
1933. 

Standley, P. C. Two new species of Rubiaceae from Uruguay 
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and Argentina. Ostenia. 119-121. pl. 1, 2. Montevideo. 11 
F 1933. 

Steil, W. N. New cases of apogamy in certain homosporus 
leptosporangiate ferns. Bot. Gaz. 95: 164-167. f. 1-6. 15S 
1933. 

Stevens, O. A. Wild flowers of North Dakota. N. Dakota Agr. 
Exp. Sta. Bull. 269: 1-51. f. 1-37. My 1933. 

Steyermark, J. A. Notes on Missouri plants. Rhodora 35: 283- 
291. Au 1933. 

St. John, H. Lysimachia, Labordia, Scaevola, and Pluchea— 
Hawaiian plant studies I. B. P. Bishop Mus. Occ. Papers 
10: 1-10. pl. 1+f. 1. 15 F 1933. 

Stout, A. B., & Schreiner, E. J. Results of a project in hy- 
bridizing poplars. Jour. Heredity 24: 217-229. f. 1-5. Je 
1933. 

‘Strain, R. W. A study of vein endings in leaves. Am. Midl. Nat. 
14: 367-375. pl. 11, 12. Jl 1933. 

Taubenhaus, J. J., & Ezekiel, W. Fusarium wilt and corm rot 
of Freesias. Bot. Gaz. 95: 128-142. f. 1-25. 15 S 1933. 
Thomas, H. E., & MacDaniels, L. H. Freezing injury to the 
roots and crowns of apple trees. Cornell Agr. Exp. Sta. 

Bull. 556: 1-23. f. 1-8. Ap 1933. 

Thomas, H. E., & Parker, K. G. Fire blight of pear and apple. 
Cornell Agr. Exp. Sta. Bull. 557: 1-24. f. 1-8. Ap 1933. 
Thompson, R. C. A morphological study of flower and seed de- 
velopment in cabbage. Jour. Agr. Res. 47: 215-232. f. 1-8. 

15 Au 1933. 

Thornton, N. C. Carbon dioxide storage. III. The influence of 
carbon dioxide on the oxygen uptake by fruits and vegeta- 
bles. Contr. Boyce Thompson Inst. 5: 371-402. f. I-3; 
IV. The influence of carbon dioxide on the acidity of plant 
tissue. 403-418. JI-S 1933. 

Tilden, J. E. A classification of the algae based on evolutionary 
development, with special reference to pigmentation. Bot. 
Gaz. 95: 59-77. pl. 1.15 S 1933. 

Trelease, W. A new Piper from British Guiana. Bull. Torrey 
Club 60: 477. 2 O 1933. 

Trelease, W. An unusual chimaera. Proc. Am. Philos. Soc. 72: 
241-244. pl. 1, 2. 1933. 

Underwood, J. K. A study of the Cyperaceae of Tennessee. 
Jour. Tennessee Acad. Sci. 7: 65-119. f. 1-19. Ap 1932. 
Uphof, J. C. T. Einiger zur Biologie der terrestrischen Utricu- 

larien. Osterreich. Bot. Zeit. 82: 207-212. f. 1, 2. 1 Je 1933. 
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Urban, O. Litorella australis Griseb. Ostenia. 205-207. illust. 
Montevideo. 11 F 1933. 

Vavilov, N. I. The process of evolution in cultivated plants. 
Proc. 6th Internat. Congr. Genetics 1: 331-342. 1933. 
Vigne, C. Notes on Buchholzia and Mansonia in the Gold Coast. 

Trop. Woods 35: 1-3. 1 S 1933. 

Wallace, T., & Proebsting, E. L. The potassium status of soils 
and fruit plants in some cases of potassium deficiency. Jour. 
Pom. & Hort. Sci. 11: 120-148. Je 1933. 

Walther, E. Still another Graptopetalum. Jour. Cactus & Succ. 
Soc. Am. 5: 411. allust. Jl 1933. 


G. occidentale Rose, sp. n. 


Wardlaw, C. W., & McGuire, L. P. Cultivation and diseases of 
the banana in Brazil. II. Diseases. Jour. Imp. Coll. Trop. 
Agr. 10: 211-217. Au 1933; 255-259. S 1933. 

Weber, G. F. Stem canker of Crotalaria spectabilis caused by 
Diaporthe Crotalariae, n. sp. Phytopathology 23: 596-604. 
f. 1-4. Jl 1933. 

Weingart, W. Echinocereus albiflorus spec. nov. Kakteenkunde 
1933: 156-157. tllust. Au 1933. 

Weston, W. H. A new Sclerospora from Nyasaland. Phyto- 
pathology 23: 587-595. f. 1, 2. Jl 1933. 

Wesion, W. H. Roland Thaxter (1858-1932), his influence on 
plant pathology. Phytopathology 23: 565-571. portrait. Jl 
1933. 

Whitfield, C. J. The vegetation of the Pike’s Peak region. Ecol. 
Monogr. 3: 75-105. f. 1-23. Ja 1933. 

Wiggins, I. L. Notes on the introduced flora of California. 
Madrono 2: 100-102. f. J. Jl 1933. 

Williams, R. S. Lindbergia in North America. Bryologist 35: 
51-52. JI-N 1932. 

Williams, R. S. Sciaromium Fryei sp. nov. Bryologist 35: 52. 
pl. 5. JI-N 1932. 

Winge, O. The nature of sex chromosomes. Proc. 6th Internat. 
Congr. Genetics 1: 343-355. f. 1-11. 1933. 

Wodehouse, R. P. Tertiary pollen. I]. The oil shales of the 
Green River formation. Bull. Torrey Club 60: 479-524. 
f. 1-54. 2 O 1933. 

Wolf, F. T. The pathology of tobacco black shank. Phytopathol- 
ogy 23: 605-612. f. 7. J1 1933. 

Woodroof, N. C. Two leaf spots of the peanut (Arachis hypo- 
gaea L.) Phytopathology 23: 627-640. f. 1-6. Au 1933. 

Woods, M. W. Intracellular bodies associated with ring-spot. 
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Contr. Boyce Thompson Inst. 5: 419-434. f. 1, 2. JI-S 
1933. 

Zahlibruckner, A. Eine neue Uruguaysche Flechte. Ostenia. 152. 
Montevideo. 11 F 1933. 

Zimmerman, P. W., & Hitchcock, A. E. Initiation and stimula- 
tion of adventitious roots caused by unsaturated hydro- 
carbon gases. Contr. Boyce Thompson Inst. 5: 351-369. 
f. 1-10. JiI-S 1933. 


Titles prior to 1930 not previously included in the Index 


Brooks, B. W. Celtis microéndocarpica Brooks not a Litho- 
spermum. Ann. Carnegie Mus. 19: 135-137. pl. 3. 14 My 
1929. 

Ganong, W. F. The teaching botanist. i-xi, 1-439. f. 1-40 (2 
Ed.) New York. Macmillan Co. 1929. 

Gaylon, W. L. The Smoky Mountains and the plant naturalist. 
Jour. Tennessee Acad. Sci. 3: 3-13. f. 1-7. Ap 1928. 
Harshberger, J. W. The forests of Corsica. Forrest Leaves 22: 

24-26. tllust. Ap 1929. 

Harshberger, J. W. The forests of the Pacific coasts of British 
Columbia and southeastern Alaska. Acta Forest. Fennica 
34: 3-5. 1929. 

Herter, G. Estudios botanicos en la regién Uruguaya. VI. An. 
Mus. Hist. Nat. Montevideo 2: 409-426. 1928; VII. La 
Huerta escolar (Hortus scholasticus). An. Inst. Prim. Mon- 
tevideo 24: [1—26.] 1928; VII*: La Huerta escolar. II. An. 
Inst. Prim. Montevideo 26: [1-14.] 1929. 

Hesler, L. R. Some mushrooms of eastern Tennessee. I. Amani- 
tas Jour. Tennessee Acad. Sci. 5: 33-53. f. 1-12. Ap 1930. 

Hoskins, J. H. Notes on the structure of Pennsylvanian plants 
from Illinois. II. Bot. Gaz. 85: 74-82. pl. 6-f. 1-7. Mr 1928. 

Lloyd, F. E. The structure of the trap of Utricularia capensis. 
Jour. Bot. Soc. So. Africa 16: 5-10. f. 1-5. 1930. 

Segelken, J. G. The plant ecology of the Hazelwood Botanical 
Preserve. Ohio Biol. Surv. Bull. 21: 221-269. f. 1-20. Au 
1929. 

Shaver, J. M. Plant succession along Mill Creek. Jour. Tennes- 
see Acad. Sci. 3: 5-13. O 1928. 

Sherff, E. E. Studies in the genus Bidens. VIII. Bot. Gaz. 85: 
1-29. pl. 1-5. Mr 1928. 

Wilson, F. G. Forest trees of Wisconsin. 1-64. illust. State Con- 
serv. Comm. 1928. 
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New names and the final members of new combinations are in bold face type. 


Abies, 288, 485-487, 490, 494, 522; concoli- 
pites 490, concolor 490, concoloripites 489 

Abietipites 491, 522; antiquus 491, 499 

Acalypha gracilens 306 

Acer Negundo 94; platanoides 93; rubrum 
311 

Acetabularia 251 

AcHEY, Daisy M., A revision of the section 
Gymnocaulis of the genus Orobanche 441 

Achlya 283 

Acoris 498 

Acorus Calamus 91 

Aecidium 476; Butlerianum 475; Hesleri 
476; punctatum 34-36, 42, 43 

Aegiphila cordata 393; villosissima 392 

Agathis 484 

Agrostis alba 307, 310; hyemalis 307 

Ahnfeltia plicata 46,'47 

Ailanthipites 512; Berryi 510, 512 

Ailanthus 512, 522; glandulosa 93, 512; 
longi-petiolata 512 

Alcoceratothrix 361; rugosa 361; stipulacea 
361 

Alga of carbonated mineral water, A blue- 
green 465 

Alisma Plantago 573 

ALLEN, CHARLES E., Sachs, the last of 
botanical epitomists 341 

Allium cepa 197 

Alni-pollenites verus 509 

Alnus 502, 508-510, 512, 522; Alnus 94; 
gracilis 509; Kefersteini 509; nostratum 
509; rugosa 550; speciipites 505, 508 

Alocasia odora 94 

Amaranthus retroflexus 93 

Ambrosia artemisiifolia 306, 310, 311; tri- 
fida 93 

American Botanical Literature, Index to 61, 
122, 229, 316, 366, 452, 525, 598, 659 

Anacardites 513 

Anaphalis margaritacea 311 

Ancromeda 517; alata 118; bracteata 103; 
delicatula 517 

Andropogon virginicus 307 

Aneimia 561 

Anemone Hepatica 543 

Anoplanthus 442; fasciculatus 448; uni- 
florus 443 

Anoplon 442; biflorum 443; fasciculatus 447 


Antennaria plataginifolia 94 

Anthoceros 278 

Anthopterus nucronatus 110; Pearcei 111 

Anthoresis 394, 395 

Anthoxanthum pulcherrimum 638 

Anthurium 498 

Aphyllon 442; fasciculatum 448; fascicula- 
tum luteum 449; inundatum 441, 446; 
minutum 446; Sedi 446; uniflorum 443 

Apium 56; Celeri 56; dulce 56; graveolens 
56; graveolens dulce 56; graveolens ra- 
paceum 56; rapaceum 56 

Apocynum androsaemifolium 311; canna- 
binum 307 

Aquilegia 91; canadensis 90 

Arachis 177 

Araucaria 484 

Archaeosigillaria 74; primaeva 73 

Arecipites 497, 522; punctatus 497, 500; 
rugosus 498, 500 

Arisaema 36, 498; triphyllum 34, 36, 92, 94 

ARLAND, A., and A. ZapE, The relation of 
host and pathogen in Ustilago Avenae: a 
reply 77 

ARNAUDI, CARLO, On the vaccination of the 
tobacco plant against Thielaviopsis basi- 
cola 583 

Artemisia 449 

ArTHUR Ho tick, February 6, 1857—March 
11, 1933 537 

Artur, J. C., New genera and species of 
Uredinales 475 

Aruncus Aruncus 93 

Asclepias amplexicaulis 307 

Ascobolus furfuraceus 26, 623; magnificus 
25, 29, 143 

Asparagus officinalis 93 

Aster Novae-angliae 550 

Asterohyptis 17; Mociniana 17, 19, 21; 
Seemani 17, 20, 21; stellulata 17, 21 

Asterohyptis: a newly proposed genus of 
Mexico and Central America 17 

Asteroxylon 75 

Atriplex 521 

Autogamous Turkestan rye 155 

Avena nuda 85 


Bacillus 584; mesentericus 584 
Backus, Myron P., The development of 
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the ascus and the occurrence of giant 
ascospores in Coccomyces hiemalis 611 

Bacterium tumefaciens 9-11, 14, 586 

Baptisia 90; tinctoria 307 

Begonia 654; Schmidtiana 652, 653; tuber- 
hybrida 653 

Bellucia 385 

Benstn, Bast, M., Autogamous Turkestan 
rye 155 

Berry, EpwarpD W., A Protolepidodendron 
from The Devonian of Virginia 73 

Beta vulgaris 12 

Betula 505, 507-510, 516, 522; claripites 
509, 510; eocenica 509, lenta 509, popu- 
lifolia 304, 307 

Bidens frondosa 310 

Blasia 642 

Blepharospora cambivora 584 

Blue-green alga of carbonated mineral 
water, A465 

Boisduvalia 6-8; campestris 7; densiflora 7 

Bo_p, Haroip C., The life history and 
cytology of Protosiphon botryoides 241 

Botanical epitomists, Sachs, the last of 341 

Botanical Literature, Index to American 61, 
122, 229, 316, 366, 452, 525, 598, 659 

Botrydium 241, 252, 255, 290, 291 

Botrytis carotovorus 584; cinerea 584, 585 

Brachyphyllum 547 

Brassica 9, 336; pekinensis 413 

British Guiana, A new Piper from 477 

Bromus polystachios 635 

Broussonetia 507 

BROWN, FLORENCE, and H. W. Popp, A re- 
view of recent work on the effect of ultra- 
violet radiation upon seed plants 161 

Bryonia alba 653; dioica 653 

Bryophyllum 12, 178 

Bryopsis 251 

Bulbilis dactyloides 93 

Bulgaria 624; inquinans 622-624 

BuNZELL, H. H., and Marjorie B. KEN- 
YON, On potato catalase 469 

Buxus sempervirens 93 

Byrsonima 361 


Cabralea 361; erismatica 360; laevis 361 

Caeoma nitens 24, 26, 47 

Calithamnion 45 

Calla 498; palustris 91 

Callicarpa 55; acuminata 55, 56; lancifolia 
55; longifolia 55; Merrillii 55; nudiflora 
55, 56; Reevesii 55, 56; stenophylla 55 
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Callitriche 302, 304, 310; heterophylla 304 

Calluna vulgaris 518 

Calophyllum angulare 379, 380; brasiliense 
380; pachyphyllum 380 

Calycanthus floridus 90 

CAMPBELL, DovuGLAs HovucutTon, The 
Sachs text book and its influence on the 
development of botany in America 331 

Cannabis 507; sativa 94 

Caprifoliipites 518; viridi-fluminis 515, 518 

Capsella bursa pastoris 197 

Carex tribuloides 311 

Carica Papaya 94 

Cariniana Kuhlmannii 384; micrantha 384 

Carnegiea gigantea 14 

(Carnegiea gigantea), Crown gall on Sahu- 
aro9 

Carpinus 505, 508-511, 520, 522; ancipites 
510; Betula 508 

Carpological enigma, A 347 

Caryocar 381; dentatum 380, 381 

Cassia nictitans 311 

Caulinites 545 

Cavendishia 118, 119; adenophora 116; 
alata 118; alnifolia 109; bomareoides 118; 
callista 117; caulialata 118; coccinea 115, 
116; cordifolia 117; duidae 118; Gleason- 
iana 117; hispida 117; Lindauiana 117; 
polyantha 119; punctatifolia 118; rhyn- 
chophylla 116; sessiliflora 119; sopho- 
clesioides 118 

Cedripites 490; eocenicus 489, 490 

Cedrus 485-487, 490, 491, 520, 522; Libani 
490 

Celeri 56; graveolens 56; graveolens dulce 
56; graveolens rapaceum 56 

Celosia Thompsoni 194 

Celtis debequensis 511 

Cenchrus lappaceus 638 

Centotheca 638; lappacea 633, 638; lati- 
folia 633, 638; malabarica 638 

Central America, Asterohyptis: a newly 
proposed genus of Mexico and 17 

Cephalanthus 302, 307, 311; occidentalis 
307, 311 

Cephalozia Gottschei 642 

Cerastium arvense 543 

Ceratiomyxa 247, 283 

Ceratostema 111; buxifolium 111; Pearcei 
111 

Cercis canadensis 575 

Chaetomorpha 251, 289 

Chamaelirium luteum 93 
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CHANDLER, CLyDE, and A. B. Stout, Pol- 
len-tube behavior in Hemerocallis with 
special reference to incompatibilities 397 

Characium 249, 250, 284 

Chlamydomonas 282, 284 

Chlorella 250 

Chlorochytrium 248-250, 284, 289; bienne 
248, 284; grande 249, 284; Lemnae 248, 
284; paradoxum 248, 284 

Chlorococcum 241, 249, 250, 274, 278, 282, 
284, 285, 289; humicola 250, 284; in- 
fusionum 248, 250, 254, 274, 284, 285 

Chlorogonium 250, 282, 284 

Chromosomes in plants, Sex and 639 

Chrysopsis falcata 307; mariana 307 

Chupalon alatum 118; alnifolium 109 

Chytroma 381; jarana 381 

Circaea 6, 7 

Circinella 246, 283 

Civilizations, Crops and 323 

Cladastris tinctoria 574 

Cladophora 251, 276, 280-282, 284, 287- 
289, 291; callicoma 251; glomerata 251, 
280; laetevirens 251; lepidula 251 

Clarkia 7 

Clematis 58; albicoma 58 

Cleome 90 

Clercia 365; micrantha 366 

Closterium 278, 281, 287, 291 

Coccomyces 617, 618, 627; hiemalis 26, 611, 
612, 614, 616, 617, 619, 621, 625, 627, 628 

Coccomyces hiemalis, The development of 
the ascus and the occurrence of giant 
ascospores in 611 

Cocos nucifera 93 

Codium 284; tomentosum 252 

Codonanthe 657; bipartita 657, 658; cal- 
carata 657; cornuta 657; gracilis 657; 
Hookerii 657; 

Codonanthe, Spathuliformae, a new section 
of 657 

Coelastrum 249 

Coix Lachryma-Jobi 93 

Coleochaete 277, 289 

Coleus 178, 183, 184 

Collema 25, 39, 343; pulposum 25, 38 

Collybia dryophila 212; velutipes 24 

Comptonia 508, 516 

Conferva 280 

Conocephalum 642 

Constancy of cultural characters and patho- 
genicity in variant lines of Ustilago Zeae, 
The 565 
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Coprinus lagopus 24, 27; niveus 24; plica- 
tilis 212 

Cordyceps ophioglossoides 619 

Coreopsis 312; rosea 305-307 

Cornus 56; florida 56; florida pendula 57; 
florida rubra 57 

Corylus 502, 504, 505, 508, 511, 512 

Couratari glabra 384; Krukovii 384; macro- 
sperma 383, 384; Tanari 384 

Coussarea machadoana 395 

Crinum longifolium 574 

Cristatella 90 

Cronartium ribicola 33, 43, 212 

Crops and civilizations 323 

Crown gall on Sahuaro (Carnegiea gigantea) 
9 

Crucibulum 343 

Cucumis 178; sativus 93 

Cultures, The growth of Rhododendron 
ponticum in sand 423 

Cumminsiella 475; sanguinea 475; texana 
475; Wootoniana 475 

Cunninghamia 495, 522; concedipites 495, 
499; elegans 495; sinensis 495 

Curvature, symmetry and homologies of the 
sporocarps of Marsilea and Pilularia, The 
555 

Cycadopites 483, 485 

Cycas 483, 522 

Cylindrosporium 611; padi 611 

Cynodon dactylon 573 

Cynoxylon 56; floridum 56; floridum pendu- 
lum 56, 57; floridum rubrum 56 

Cyperus 302, 305, 310; dentatus 302, 306, 
310; filiculmis 307 

Cystococcus 250 

Cytisus 575; scoparius 575 

Cytology of Protosiphon botryoides, The 
life history and 241 


Dammara 547 

Datura 412; stramonium 12 

Derbesia 252, 284 

Deschampsia flexuosa 307 

Desmodium marilandicum 311 

Development of the ascus and the occur- 
rence of giant ascospores in Coccomyces 
hiemalis, The 611 

Dictyosphaerium 250 

Didymium 247, 268, 283 

Digitalis purpurea 200 

Digitaria Gardesii 476 

Dioon 484, 522; spinulosum 484 
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Dioonipites 484, 485 

Diospyros 390, 391; dichroa 391; glomerata 
390; Krukovii 390, 391; Melinoni 390; 
pseudoxylopia 391; sericea 391; virginiana 
93 

Diplachne 634; fusca 633, 635, 636; indica 
635; malabarica 635, 637; polystachya 635 

Diplocarpon Rosae 616 

Diplophyllum 642 

Diplotropis brasiliensis 356; triloba 355, 356 

Drosera longifolia 312 

Drosophila 146, 147, 149 

Dudresnaya 44, 45, 47 

Dumortiera irrigua 642; velutina 642 


Echinodorus 91; cordifolius 91 

Echites grandiflora 392; Hoffmannseggiana 
392; macrantha 392 

Edelweiss 194 

Epwarps, THomas I. The germination and 
growth of Peltandra virginica in the ab- 
sence of oxygen 573 

Elaeagia 396; brasiliensis 395 

Elizabetha paraensis 355 

Elodea 197, 647; canadensis 197 

Endophyllum Sempervivi 33 

Engelhardtia 502, 505, 507, 508, 511, 512, 
520, 522; corylipites 504, 505; spicata 502, 
505, 511 

Enigma, A carpological 347 

Enteromorpha 289 

Ephedra 287, 288, 482, 496, 519-522; eoceni- 
pites 482, 495, 499; equisetina 496; glauca 
496; viridis 496 

Epidemiology of black stem rust, The rate 
of all of spores in relation to the 211 

Epilithon 39, 45; membranaceum 44 

Epilobrium 1, 2, 6-8; angustifolium 311; 
californicum 7; coloratum 306; lanceola- 
tum 7; paniculatum 2 

Epitomists, Sachs, the last of botanical 341 

EpiinG, Cari, Asterohyptis: a newly pro- 
posed genus of Mexico and Central 
America 17 

Eragrostis 634, 636; procera 635 

Erechtites hieracifolia 306 

Eremoluma 390 

Erica 517, 518 

Ericaceae and Vacciniaceae, Studies of 
South American plants, III., New 99 

Ericipites 516, 522; brevisulcatus 515, 518; 
longisulcatus 482, 515, 517 

Erigeron canadensis 306, 310 
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Eriocaulon 302, 304, 305, 310; articulatum 
305; compressus 93 

Eriogonum 449 

Erisiphe graminis 179 

Erisma 363; calcaratum 364; fuscum 364; 
Japura 364; micranthum 364; nitidum 
364; parvifolium 362; petiolatum 363; un- 
cinatum 363, 364 

Erythrochiton delitescens 356; Lindenii 
357; macropodum 357; trifoliatum 357 

Eschweilera 381; jarana 381; jarana lati- 
folia 381; micrantha 382; parviflora 382; 
polyantha 381, 382; retusa 381; Sagotiana 
382; truncata 382, 383 

Esenbeckia alata 358; coriacea 358 

Euanoplon 442 

Eucodonanthe 657 

Eudorina 250, 282, 284 

Eueschweilera 381 

Eupatorium 312; hyssopifolium 307, 310 

Eurotium herbariorum 141 

Euryale ferox 573 

Eurygania polyantha 119 

Eutrichilia 360 

Euweigeltia 387 


Festuca fusca 635, 636; indica 635 

Ficus elastica 194 

Fraxinus americana 94 

Fuchsia 6 

Fucus 288, 651 

Fuirena squarrosa 312 

Fuligo 247, 248, 283, 285 

Fusarium oxysporium 584; vasinfectum 584 


Galinsoga 194 

Galipea jasminiflora 358; longiflora 358; 
tubiflora 357, 358 

Gaultheria alnifolia 109; antioquiensis 108; 
arachnoidea 100, 101; brachybotrys 109; 
bracteata 103, 104; hapalotricha 106; in- 
sipida 100-102; lanigera 105; Lindeniana 
109; megalodonta 100; microdonta 108; 
odorata 107; Pennellii 105, 106; petraea 
101; pichinchensis 103; psilantha 107; 
reticulata 99, 100; revoluta 101, 102; 
rigida 108; santanderensis 104, 105; stri- 
gosa 101, 102; Tatei 99; tolimensis 100— 
102; vegasana 103; vestita 104-106 

Gayophytum 1, 6-8; ramosissimum 1, 2, 4, 8 

Gayophytum ramosissimum, Studies on the 
morphology of the Onagraceae VII 1 

Geoglossum glabrum 619 
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Gerardia 307, 310, 550 

Germination and growth of Peltandra vir- 
ginica in the absence of oxygen, The 573 

Geum 90, 194 

Ginkgo 497 

GLEason, H. A., and A. C. Smita, Plantae 
Krukovianae 349, 379 

Globiformes graveolens 550 

Glyptostrobus 494, 495, 520, 522; vacuipites 
494, 499 

Gnaphalium polycephalum 307, 310 

Gnetum 499 

Gnomonia erythrostoma 619 

Gonium 250, 282, 284 

GRAHAM, H. W., and L. K. HENry, Plant 
succession at the borders of a kettle-hole 
lake 301 

Gratiola aurea 305, 306, 310 

Green river formation, Tertiary pollen-II. 
The oil shales of the 479 

Grewia 514 

Grewiopsis 515 

Growth of Rhododendron ponticum in sand 
cultures, The 423 

Guignardia aesculi 26; Bidwellii 26 

Gymnoascus 26 

Gymnocaulis 442 

Gymnocaulis of the genus Orobanche, A re- 
vision of the section 441 

Gymnocladus dioica 93 


Haemadictyon calycinum 392; trifidum 392 

HaFstTAD, G. E., E. C. STAKMAN and L. J. 
TyYLeR, The constancy of cultural char- 
acters and pathogenicity in variant lines 
of Ustilago zeae 565 

Halicystis 285, 290, 292 

Heleocharis 543 

Helianthemum canadense 307 

Helicodiceros 91 

Helicophyllum 91 

Helminthosporium gramineum 78; sativum 
584, 585 

Hemerocallis 397, 398, 410-413; aurantiaca 
400, 401, 404, 413; citrina 400, 403, 408- 
410; flava 405-407; fulva 398, 399, 402, 
403, 406, 407; fulva longituba 410; Thun- 
bergii 398, 400-408, 410, 413 

Hemerocallis with special reference to in- 
compatibilities, Pollen-tube behavior in 
397 

Hemigymnia 633-637; arnottiana 636, 637; 
arnottiana micrantha 638; malabarica 
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633, 638; multinodis 636, 637 

Henrietella 385 

Henry, L. K., and H. W. Granam, Plant 
succession at the borders of a kettle-hole 
lake 301 

Hepatica 35; acutiloba 34 

Hicoria 501-504, 522; juglandiformis 503; 
juxtaporipites 504, 505; Myristicaeformis 
503; ovata 94; viridi-fluminipites 500, 503 

Holcus latifolius 638 

Hollick, February 6, 1857—March 11, 1933, 
Arthur 537 

Holopyxidium jarana 381 

Hordeum 159, 160; distichum 159, 160; 
hexastichum 159, 160 

Hornea 75 

Hornemannia 114; boliviensis 114; densi- 
flora 114 

Host and pathogen in Ustilago Avenae: 
a reply, The relation of 77 

Howe, MarsuHatt A., A blue-green alga of 
carbonated mineral water 465; Arthur 
Hollick, February 6, 1857—March 11, 
1933 537 

Humaria granulata 622; rutilans 46, 617, 
618, 622 

Humulus 507, 647; japonicus 94 

Hydrangea 551 

Hydrodictyon 242, 244, 245, 249-251, 255, 
274, 278, 279, 282, 284, 285, 289, 291 

Hypericum canadense 310, 311; perfora- 
tum 307, 310 

Hypholoma fasciculare 27 

Hyptis alopecuroides 19, 21; Biolleyi 19, 21; 
Mociniana 19, 21; pubescens 17, 21; See- 
manni 20, 21; Seemanni stenophylla 20, 
21; spinulosa 19, 21; stellulata 17, 21; 
stellulata Sinclairii 19, 21 


Impatiens alba 310 

Incompatibilities, Pollen-tube behavior in 
Hemerocallis with special reference to 397 

Index to American Botanical Literature 61, 
122, 229, 316, 366, 452, 525, 598, 659 

Ipomoea 178 

Iryanthera 352; juruensis 352; Ulei 352 

Ischnosiphon flagellatus 351; surinamensis 
351 

Isotria verticillata 552 


JOHANSEN, Donatp A., Studies on the 
morphology of the Onagraceae VII. Gayo- 
phytum ramosissimum 1 
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Jounson, Duncan S., The curvature, sym- 
metry and homologies of the sporocarps 
of Marsilea and Pilularia 555 

Jugastrum 382; subcinctum 383 

Juglans 501, 502, 504, 522; californica 504; 
cinerea 504; major 504; nigra 504; nigri- 
pites 504, 505; regia 504 

Julius von Sachs, the man and the teacher 
335 

Juncus 302, 304, 305, 310; articulatus 305- 
307, 310, dichotomus 305, 307, effusus 
307, pelocarpus 305 

Jungermannia Kaureni 642 

Juniperus 493, communis 493, virginiana 
307 


Kalmia 517 

Keithia 624, chamycyparissi 625 

Kenyon, Marjorie B., and H. H. Bun- 
ZELL, On potato catalase 469 

Kettle-hole lake, Plant succession at the 
borders of a 301 

Krukovianae, Plantae 349, 379 


Laboulbenia 624; chaetophora 619, 624, 
gyrinidarum 624 

Lachnea cretea 46; scutellata 623; ster- 
corea 46 

Lactuca 178; canadensis 306, 311; lanceolata 
platyphylla 197; thunbergiana 197 

Larix 485 

Lathyrus odoratus 575; sylvestris 575 

Lechea villosa 307, 311 

Lecythis 381; jarana 381; jarana latifolia 
381 

Lepidodendron 74; primaevum 74, 75; 
vanuxemi 74 

Leptochloa fusca 635 

Leptosphaeria herpotrichloides 584 

Leptostemonum 393 

Leucothoe racemosa 311 

Levine, Michael, Crown gall on Sahuaro 
(Carnegiea gigantea) 9 

Libocedrus 493 

Life history and cytology of Protosiphon 
botryoides, The 241 

Limnodictyon Roemerianum 274 

Linaria canadensis 306, 307 

Lindegren, Carl C., The genetics of Neuro- 
spora-III. Pure bred stocks and crossing- 
over in N. crassa 133 

Liriodendron 501, 522, 544; alatum 544; 
psilopites 500, 501; Tulipifera 501 
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Liriophyllum populoides 544 

Literature, Index to American Botanical 61, 
122, 229, 316, 366, 452, 525, 598, 659 

Lithophyllum 44 

Lithospermum tuberosum 476 

Lithothamnium marginatum 44 

Lopezia 6 

Lophotocarpus calycinus 91 

Loreya 385; mespiloides 385; ovata 385; 
quadrifolia 386; Spruceana 385; strigosa 
385, 386 

Lotus corniculatus 575 

Loxanthes 442; fasciculatus 447 

Lucuma anibaefolia 389; inflexa 388; ob- 
scura 388; platyphylla 388, 389; ramiflora 
389; retusa 388; rostrata 390 

Lunaria 90 

Lychnis 647, 652; alba 93 

Lycogala 247, 283 

Lycopus sessilifolius 306 . 

Lygodium 561 

Lyonia mariana 307 

Lysimachia quadrifolia 311 


Maba 391; Melinoni 390; sericea 391 

Mahonia 475 

Makinoa 642; crista 641 

Marchantia 641, 654; grisea 641; poly- 
morpha 642 

Marsilea 555-563; Brownii 557; nardu 557: 
polycarpa 557, 561; quadrifolia 555-560, 
562; salvatrix 557, 558 

Marsilea and Pilularia, The curvature, sym- 
metry and homologies of the sporocarps 
of 555 

Mauritia flexuosa 365 

Meibomia 90 

Melampsora lini 33 

Melampyrum lineare 307 

Melica philippinensis 638 

Melilotus 281, 288 

Meliola 624, circinans 625 

Menispermum canadense 93, 550 

Mercurialis 651; annua 645-648, 651, 652, 
654 

Merritt, E. D., Crops and civilizations 
323; On Poa malabarica Linnaeus 633 

Mesosphaerum alopecuroides 19, 21; Biol- 
leyi 19, 21; mocinianum 19, 21; pubescens 
18, 21; stellulatum 18, 21 

Mexico and Central America, Asterohyptis: 
a newly proposed genus of 17 

Michelia 90, 91 
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Microscopic examination, Preparation of 
Poilen for 417 

Microspora 465 

Mitchella repens 542 

Mnium 191 

Moerckia 642; hibernica 641 

MOLDENKE, Haro_p N,, Nomenclatorial 
notes 55 

Momipites 511; coryloides 510, 511 

Momisia 502, 505, 508, 511, 512, 522; 
iguanacea 511 

Monostroma 282, 284 

Morchella 623; esculenta 622 

Morus 507; rubra 94 

Moschoxylum 360 

Mucor 246, 283 

Musa sapientum 93 

Mycosphaerella maculiformis 26; personata 
26 

Myrica 505, 506, 508, 512, 520, 522; as- 
plenifolia 311; carolinensis 307; caro- 
liniana 549 

Myricipites 505; dubius 505, 506 

Myriophyllum 497, 507, 508, 516, 520, 522; 
ambiguipites 515, 516; spicatum 516 


Naias flexilis 94 

Napaea dioica 93 

Nelumbium luteum 575 

Nelumbo 90, 544; nucifera 573 

Nemalion 32 

Nematanthus calcaratus 658 

Neotiella 622; albocincta 622 

Neurospora 29, 622, 623, 625, 626; crassa 
133, 138, 142-144, 149, 150, 154, 622; 
sitophila 25, 622, 628; tetrasperma 140, 
622, 624, 625 

Neurospora-III. Pure bred stocks and cross- 
ing-over in N. crassa, The genetics of 133 

Neurospora crassa, The genetics of Neuro- 
spora-III. Pure bred stocks and crossing- 
over in 133 

New genera and species of Uredinales 475 

New Piper from British Guiana, A 477 

New section of Codonanthe, Spathuliformae 
657 

Nicotiana 9, 27, 178, 411; Forgetiana 411 

Nitella 255, 291 

Nomenclatorial notes 55 

Notes, Nomenclatorial 55 


Odontadenia Hoffmannseggiana 392; spe- 
ciosa 392 
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Oedogonium 286 

Oenothera 7; muricata 307, 310 

Oidium 585 

Oil shales of the Green river formation, Ter- 
tiary pollen-II. The 479 

Oliganthes 393, 394 

Olpidiopsis 283 

Olpidium 283; Viciae 245 

Onagraceae VII. Gayophytum ramosis- 
simum, Studies on the morphology of 
the 1 

Oncobrysa Cesatiana 466 

Ophioglossum Alleni 550 

Opuntia 11; Dillenii 10; Keyensis 10; Lin- 
derheimeri 10; stricta 10 

Oreanthes 113; buxifolius 113 

Orobanche 441; biflora 444; fasciculata 441, 
442, 447; fasciculata franciscana 447, 448, 
450; fasciculata lutea 447-450; fascicu- 
lata typica 447, 448, 450; porphyrantha 
445; Sedi 446, 447; terrae-novae 444; uni- 
flora 441-447; uniflora inundata 446; uni- 
flora minuta 441, 443, 445-447; uniflora 
purpurea 441, 443, 445-447; uniflora Sedi 
441, 443, 445-447; uniflora terrae-novae 
443, 444; uniflora typica 442-445 

Orobanche, A revision of the section Gym- 
nocaulis of the genus 441 

Orontium aquaticum 91 

Ostrya 508, 512 

Ottochloa 633-637 ; malabarica 633, 638 

Oxalis 35, 37, 42; corniculata 34; corniculata 
atropurpurea 59; repens 34; stricta 34 


Pachystemonum 394 

Panax quinquefolia 311 

Panicum 307, 633-637; arnottianum 633, 
636, 637; columbianum 311; malabaricum 
633, 636, 637; multinode 633, 636, 637; 
nodosum 633, 634, 636-638; nodosum 
micranthum 637, 638; ouonbiense 637; 
violaceum 637 

Parinarium brasiliense 353; Glaziovianum 
353; krukovii 353; Pohlii 353 

Parthenocissus tertiaria 514 

Pathogen in Ustilago Avenae: a reply, The 
relation of host and 77 

Pathogenicity in variant lines of Ustilago 
zeae, The constancy of cultural charac- 
ters 565 

Paulownia 550 

Pediastrum 249, 250, 274, 284, 287, 289 

Pelargonium 9, 586 
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Pellia 642; Fabbroniana 641; Neesiana 641 

Peltandra 41, 498, 500, 520, 522, 574-577, 
580; virginica 91, 93, 498, 573, 574, 578- 
580 

Peltandra virginica in the absence of oxy- 
gen, The germination and growth of 573 

Peltandripites 498; Davisii 498, 500 

Penicillium 585 

Peridermium cerebrum 26; Strobi 26 

Petunia 413 

Peziza vesiculosa 618 

Phaseolus 178 

Phelipaea biflora 443; fasciculata 447; lutea 
449 

Philodendron guttiferum 349; krukovii 349 

Phoenix dactylifera 93, 497 

Phoradendron flavescens 94 

Phormidium 467; Demingii 466; foveo- 
larum 466; tenue 467 

Phycomyces 246, 283, 288 

Phyllactinia corylea 618, 624 

Phyllophora 46; Brodiaei 29, 45-47; mem- 
branifolia 35 

Physarella 283; mirabilis 247 

Physarum 283; polycephalum 248 

Physma 25; compactum 26, 38 

Phytophthora 283 

Picea 288, 485-489, 522; grandivescipites 
488, 489; pinifructus 489; pollenites alat- 
us 489 

Pilobolus 243, 244, 246, 283, 285, 288, 291; 
crystallinus 243 

Pilularia 555-563; americana 556-558, 560; 
globulifera 556-560, 562; minuta 557-560, 
562 

Pilularia, The curvature, symmetry and 
homologies of the sporocarps of Marsilea 
and 555 

Pinus 482, 485-491, 522; attenuata 487; 
nigra 487; rigida 304, 307-309, 311-313, 
551; scopulipites 485, 488; scopulorum 
488; strobipites 482, 485, 487; Strobus 43, 
482, 487; tuberculata 488; tuberculipites 
488, 489 

Piper dilatatum 477; Grahami 477 

Piper from British Guiana, A new 477 

Pistia 498 

Planera 508 

Plant succession at the borders of a kettle- 
hole lake 301 

Plantae Krukovianae 349, 379 

Plants, A review of recent work on the effect 
of ultra-violet radiation upon seed 161 
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Plants. III. New Ericaceae and Vaccinia- 
ceae, Studies of South American 99 

Plants, Sex and Chromosomes in 639 

Plasmopara 283 

Platycarya 502, 507, 508 

Pleurage anserina 25, 29, 622-625; zygo- 
spora 619 

Pleuropterus 57; caudatus 57, ciliinervis 57, 
multiflorus 57; sachalinensis 57; Zuc- 
carinii 57 

Poa 634; latifolia 638; malabarica 633- 
635, 637, 638; procera 635 

Poa malabarica Linnaeus, On 633 

Podospora anserina 625 

Pollen for microscopic examination, Prepa- 
ration of 417 

Pollen-tube behavior in Hemerocallis with 
special reference to incompatibilities 397 

Pollenites coryphaeus tetraexitum 509; frau- 
dulentus 507; globiformis 503; hiatus 494; 
vestibulum 514 

Polyboea polyantha 119 

Polygonum 57; Hydropiper 305, 306, 310; 
multiflorum 57; Persicaria 306, 310; 
sachalinense 57 

Polyphagus 283; Euglenae 245 

Polysiphonia 46, 47 

Polystigma 32, 39 

Popp, H. W., and FLORENCE Browy, A re- 
view of recent work on the effect of ultra- 
violet radiation upon seed plants 161 

Populus 506; deltoides 94; tremuloides 307 

Potamogeton 302, 304, 310, 497, 520, 522; 
Hollickipites 496, 499; hybridus 304; Rob- 
binsii 304 

Potato catalase, On 469 

Preissia commutata 642 

Preparation of pollen for microscopic ex- 
amination 417 

Prestonia calycina 392; Lindleyana 392; 
trifida 392 

Primula 29 

Proclesia alata 118; alnifolia 109 

Production of vestigial and sterile sex- 
organs through sex-reversal and neutral 
sexual states, The 89 

Protolepidodendron 74; primaevum 74 

Protolepidodendron from the Devonian of 
Virginia, A 73 

Protosiphon 241-243, 252, 254-259, 266, 
270, 276-282, 285, 288-292; botryoides 
241, 242, 252, 260, 290 
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Protosiphon botryoides, The life history and 
cytology of 241 

Prunus avium 611; cerasus 611; mahaleb 
611; pennsylvanica 611; serotina 311 

Psammisia caloneura 113, 114; Sodiroi 114 

Pseudolarix 485, 486 

Pseudotsuga 485, 494 

Psilophyton 75 

Ptelea trifoliata 574 

Pteris aquilina 311 

Pterocarya 502, 507, 508 

Pteromischum 349 

Puccinia 475; Claytoniata 31, 38; coronata 
32, 212, 218-220, 226, 228; coronata 
avenae 216, 224, 226, 227; falcariae 33; 
graminis 30-33, 211, 212, 218, 222; 
graminis secalis 216-221, 223-228; gram- 
inis tritici 216-221, 223-228; mirabilis- 
sima 475; Poarum 43; Podophylli 31; 
rubigovera 476; Sorghi 34-37, 42, 43; 
texana 475; triticina 30-32, 42, 43, 211, 
212, 216, 218-220, 226-228; Violae 31, 34, 
36 

Pustularia 617, 619; bolarioides 617 

Pyronema 26, 30 

Pythium 587-590, 595 

Pytisporites 484 


Quercus alba 94; coccinea 306; heterophylla 
549, 550; serrata 552; velutina 307 


Radaisia 467 

Raphanus 178 

Rate of fall of spores in relation to the 
epidemiology of black stem rust, The 211 

Regnellidium 558, 560 

Relation of host and pathogen in Ustilago 
Avenae: a reply, The 77 

Reproduction in the rusts 23 

Review of recent work on the effect of ultra- 
violet radiation upon seed plants, A 161 

Revision of the section Gymnocaulis of the 
genus Orobanche, A 441 

Rhizopus 246, 251, 283, 288 

Rhodochytrium 284 

Rhododendron 517; ponticum 423, 424, 426, 
432, 438 

Rhododendron ponticum in sand cultures, 
The growth of 423 

Rhoipites 513; Bradleyi 510, 513 

Rhus 513, 522; copallina 311; typhina 513 

Rhynia 75 

Rhytisma acerinum 619 
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Ribes rotundifolium 172 

Riccardia 642 

Riccia 642; Curtisii 642 

Rice, MABEL A., Reproduction in the rusts 
23 

Ricinus 9; communis 91, 94 

Riella 642; helicophylla 641 

Rivicoa 388 

Rivularia dura 466 

Robinia Pseudo-Acacia 307 

Rospidios 390, 391 

Rourea frutescens 354; rectinervia 353 

Rubus villosus 307, 311 

Rumex 647; Acetosella 94; altissimus 93 

Russy, H. H., A carpological enigma 347 

Rusbya 111; Pearcei 111 

Rust, The rate of fall of spores in relation 
to the epidemiology of black stem 211 

Rusts, Reproduction in the 23 

Rye, Autogamous Turkestan 155 


Sachs text-book and its influence on the de- 
velopment of botany in America, The 331 

Sachs, the last of botanical epitomists 341 

Sachs, the man and the teacher, Julius von 
335 

Sagittaria 91; latifolia 91 

Sahuaro (Carnegiea gigantea), Crown gall 
on 9 

Salacia corymbosa 365; mauritioides 364, 
365; Miersii 365 

Salix 506, 520, 522; amygdaloides 92; dis- 
color 307, 506; discoloripites 505, 506; 
fragilis 506; humilis 311; nigra 307; pen- 
tandra 311; purpurea 94; sericea 311 

Sambucus 518, 522 

Sand cultures, The growth of Rhododen- 
dron ponticum in 423 

Sanguinaria canadensis 575 

Sapium leitera 364; peloto 364 

Saprolegnia 246, 248, 251, 282, 283 

Sassafras Sassafras 93; variifolium 311 

Satyria 120; cerander 120; neglecta 120; 
panurensis 120; polyantha 119 

Saxo-Fridericia aculeata 350; australis 350, 
351; regalis 350; subcordata 350 

Scapania 642 

Scenedesmus 249, 250, 284 

Schaffner, John H., The production of ves- 
tigial and sterile sex-organs through sex- 
reversal and neutral sexual states 89 

Schizophyllum 142; commune 27 

Schmaltzia 513 
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Sclerotinia 25; baccarum 624; Duriaeana 
25; Gladioli 25, 29; oxycocci 624 

Secale 159, 160; cereale 156, 158-160; 
cereale triflorum 159; triflorum 158; tur- 
kestanicum 156, 158-160 

Seed plants, A review of recent work on the 
effect of ultra-violet radiation upon 161 

Selaginella 278 

Semiramisia 113; fragilis 112; Karsteniana 
113 

Sequoia 487, 494, 495 

Serenopsis Kempii 544 

Setaria glauca 306 

Sex and chromosomes in plants 639 

SHIvE, J. W., and E. L. Spencer, The 
growth of Rhododendron ponticum in 
sand cultures 423 

Sicyos angulata 94 

Silphium integrifolium 93 

Siparuna Krukovii 352; micrantha 353 

Siphonocladus 251 

Smilacipites 499; echinatus 500; herbaceoi- 
des 500; molloides 482, 500 

Smilax 482, 499-501, 521, 522; glauca 307; 
herbacea 498-500; hispida 93; mollis 482, 
499, 500; populnea 499 

SmitH, ALBERT C., Studies of South Ameri- 
can plants. III. New Ericaceae and Vac- 
ciniaceae 99 

SmiTH, ALBERT C., and H. A. GLEAson, 
Plantae Krukovianae 349, 379 

SmiTH, LyMAN B., Spathuliformae, a new 
section of Codonanthe 657 

Solanum placitum 394; quaesitum 393; 
setosicalyx 394; Vanheurckii 394; ver- 
bascifolium 395 

Solidago 302, 305-307, 310, 312; odora 307; 
tenuifolia 307 

Sorastrum 249, 250, 284; spinulosum 249 

Sordaria fimicola 625; macrosporia 622, 623 

South American plants. III. New Ericaceae 
and Vacciniaceae, Studies of 99 

Sparganium 496, 520; eurycarpum 94 

Spathuliformae 657 

Spathuliformae, a new section of Codon- 
anthe 657 

SPENCER, E. L., and J. W. Suive, The 
growth of Rhododendron ponticum in 
sand cultures 423 

Sphaerella Bolleana 26 

Sphaerocarpos 641, 642; Donnellii 639, 641, 
642; terestis 641; texanus 641 

Sphaeroplea 284; annulina 251 
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Sphaerotheca 26 

Spirogyra 27, 263, 277, 278, 281, 290; seti- 
formis 241, 281, 288 

Spondias Mombin 512 

Sporocarps of Marsilea and Pilularia, The 
curvature, symmetry and homologies of 
the 555 

Sporodinia 243, 244, 246, 250, 283, 285, 287, 
288; grandis 243 

Stachys hyssopifolia 306, 307 

STAKMAN, E. C., L. J. TyLer, and G. E. 
HaFsTAD, The constancy of cultural 
characters and pathogenicity in variant 
lines of Ustilago zeae 465 

Stangera 549 

Stangeria 549 

Stangerites 549 

Staphylea trifolia 574 

Stemonitis 283; fusca 247 

Sterculia Chicha 379; megalocarpa 379; 
pilosa 379; pruriens 379; Tessmannii 379 

Sterile sex-organs through sex-reversal and 
neutral sexual states, The production of 
vestigial and 89 

Stichococcus 465 

Stigeoclonium 282, 284; tenue 251 

Stigmaphyllon 348 

Strout, A. B., and CLypE CHANDLER, Pol- 
len-tube behavior in Hemerocallis with 
special reference to incompatibilities 397 

Strangerites 549 

Stropharia semiglobata 24 

Strophostyles umbellata 307 

Studies of South American plants. III. 
New Ericaceae and Vacciniaceae 99 

Studies on the morphology of the Ona- 
graceae VII. Gayophytum ramosissi- 
mum 1 

Stypocaulon 288 

Subularia 90 

Symplocarpus 498 

Synchytrium 243-245, 248, 256, 282-285, 
288; decipiens 243, 244, 247, 248, 282- 
285, 291; endobioticum 245, 283; ful- 
gens 283; Puerariae 244, 245, 283; Tar- 
axaci 243, 244, 283, 285 

Syndesmon thalictroides 551 


Tachigalia carinata 354; formicarium 355 
Talisia 513, 522; depressa 513 

Talisiipites 513; Fischeri 510, 513 
Taraxacum erythrospermum 306 

Taraxia ovata 2 
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Tarsus 505 

Taxites eocenica 494 

Taxodium 487, 493-495, 520, 522; dis- 
tichum 493; hiatipites 493, 499 

Taxus 494 

Tertiary pollen-II. The oil shales of the 
Green River formation 479 

Tetradesmus 250 

Tetraedron 249, 284 

Thalesia 442; fasciculata 448; lutea 449; 
minuta 446; purpurea 445; Sedi 446; uni- 
flora 443 

Thalictrum 42; dioicum 94 

Themistoclesia dependens 115; 
115; recurva 114; rostrata 115 

Thibaudia alata 118; alnifolia 109; bolivien- 
sis 114; caulialata 118; cerander 120; 
densiflora 114; mucronata 110; poly- 
antha 119; punctata 118; regularis 114 

Thielaviopsis 587-591, 593; basicola 587- 
589, 594-596 

Thielaviopsis basicola, On the vaccination 
of the tobacco plant against 583 

Thouinia eocenica 513 

Thuja 494 

Tilia 514, 515, 522; americana 514-516; 
crassipites 510, 515; indubitabilis 515; 
instructus 515; tetraforaminipites 515, 
516; vescipites 515, 516 

Tiniaria 57 

Tontelea 365 

Toxosiphon 356, 357 

Tradescantia 197; reflexa 191 

Trapa natans 573 

Trelease, William, A new Piper from British 
Guiana 477 

Triadophora 387 

Tricanthera 391 

Trichia 283 

Trichilia guianensis 360; krukovii 
punctata 359; septentrionalis 360 

Trichoglossum 623, 624; tetrasporum 623; 
velutipes 623 

Trifolium 177; subterraneum 163 

Triodia ambigua 635 

Tripsacum dactyloides 93 

Triticum 159, 160; durum hordeiforme 155; 
polonicum 159, 160; vulgare 159, 160; 
vulgare graecum 155 

Triumfetta 514 

Tropaeolum 9 

TrvuE, Ropney H., Julius von Sachs, the 
man and the teacher 335 


pendula 


360; 
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Tsiama-pulu 633 

Tsuga 485, 491, 492, 522; canadensis 491; 
viridi-fluminipites 489, 491 

Tumion 487, 494 

Turkestan rye, Autogamous 155 

Tussilago Farfara 550 

Ty er, L. J., G. E. Harstep, and E. C. 
STAKMAN, The constancy of cultural char- 
acters and pathogenicity in variant lines 
of Ustilago zeae 465 

Typha 92, 496, 520; latifolia 91, 94, 573 


UKKELBERG, Harry G., The rate of fall of 
spores in relation to the epidemiology of 
black stem rust 211 

Ulothrix 251, 277, 282, 284, 287, 289 

Ultra-violet radiation upon seed plants, A 
review of recent work on the effect of 161 

Ulva 282, 284 

Uniola lappacea 638 

Uraecium 476; Holwayi 476: lucumae 476 

Uralepis drummondii 635; fusca 635 

Uredinales, New genera and species of 475 

Uredo Holwayi 476; lucumae 476; tacita 476 

Uromyces appendiculatus 31; Caladii 34, 
36, 41; sanguinea 475; Vignae 31 

Uropyxis 475; mirabilissima 475; sanguinea 
475; texana 475; Wootoniana 475 

Ustilago Avenae 77-80, 87; Carbo 79, 80; 
Maidis 584; zeae 565, 567, 569, 571 

Ustilago Avenae: a reply, The relation of 
host and pathogen in 77 

Ustilago zeae, The constancy of cultural 
characters and pathogenicity in variant 
lines of 565 


Vaccination of the tobacco plant against 
Thielaviopsis basicola, On the 583 

Vacciniaceae, Studies of South American 
plants. III. New Ericaceae and 99 

Vaccinium 110, 304; alatum 118; anfractum 
110; Benthamianum 110; mucronatus 
110; Pennellii 110, 111; polystachyum 
110; vacillans 311 

Vallisneria spiralis 93 

Vaucheria 255 

Verbascum Thapsus 307, 310 

Verbena hastata 307 

Verpa bohemica 616, 624 

Viburnum 518 

Vicia faba 197, 575; hirsuta 575 

Viola cucullata 34; lanceolata 310 

Viorna 58; albicoma 57, 58 
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Virginia, A Protolepidodendron from the 
Devonian of 73 

Virola carinata 352; elliptica 351 

Vitex tomentulosa 58 

Vitipites 514; dubius 510, 514 

Vitis 514, 520, 522; vinifera 514 

Voandezia 177 

Volvox 284 

von Sachs, the man and the teacher, Julius 
335 


Weigeltia 388; glomerulata 386, 387; mul- 
tiflora 387, 388; Schlimii 387, 388; Schom- 
burgkiana 387 

Wopenousse, R. P., Preparation of pollen 
on microscopic examination 417; Ter- 
tiary pollen-II. The oil shales of the Green 
River formation 479 
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Xanthoxalis 59; corniculata 34; corniculata 
atropurpurea 59; stricta 34 


YAMPOLSKY, CEcIL, Sex and chromosomes 
in plants 639 


ZADE, A., and A. ARLAND, The relation of 
host and pathogen in Ustilago Avenae: a 
reply 77 

Zamia 483, 494 

Zamites montanensis 548 

Zannichellia palustris 94 

Zantedeschia aethiopica 91, 93 

Zanthoxylum cuiabense 359; Krukovii 358, 
359 

Zauschneria latifolia 2, 4 

Zea Mays 93, 94, 178 

Zizania 91; aquatica 91, 93 

Zygnema 278 
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OTANICAL results of the Tyler-Duida expedition, by H. A. Gleason, 

with the assistance of numerous collaborators. Reprinted from Bulletin 

of The Torrey Botanical Club, vol. 58. 230 pages, 29 plates, 8 figures, folding 
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Present evolutionary tendencies and the origin of life cycles in the 
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The genus Cuscuta, by Truman George Yuncker. Memoirs of The Torrey 
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